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The want of a Manual of Victorian Geology has been freqnently 
expressed; and tbougli able writers have dealt with the aubject, 
Boma of their works have not bee a so prominently placed before 
the public as their merits entitled them to be, while others are out 
of priul, and copies remain in the hands only of a few. 

An essay on mining in the colony of Victoria was prepared and 
published by Mr. A. E. C. Selwyn, then GoTernment Geologist, 
io connexion with the cat-alogue ot the Victorian Exhibition ia 
1861. 

n connexion with the Intercolonial Exhibition of 1866, a 
pamphlet was published, entitled "Mining and Mineral Statistics," 
by Mr. R. Brough Smyth, then Secretary for Mines. 

i.n excellent work on the physical geography, geology, and 
mineralogy of Victoria, by Mr, A. R. C. Selwyn and Mr. {now 
Professor) George F. Ulrich, was also issued in 1866. 

In 1869, a large volume, entitled " The Gold-fiolda auJ Mineral 
Districts of Victoria," was compiled by Mr. R, Brough Smyth, 
who subsequently published a pamphlet styled " Mining and 
Uineral Statistics, with Notes on the Rock -Formation a of Vic- 
toria," in connexion with a Geological Sketch-map of the colony, 
prepared for the Victorian Exhibition of 1872 and the Inter- 
national Exhibition of 1873. 

L descriptive catalogue of the rock and mineral specimens in 
the Industrial and Technological Museum, Melbourne, was pre- 
pared, under the direction of Mr. J. Cosmo Newbery, Snperinfen- 
<dent, by Mr. George F. Ulrich in 1875, and embodied observations 
on the leading geological characteristics of Victoria. 

From 1856 to 1868, the Geological Survey ot Victoria was in 
tegular progress, under the direction of Mr. A. R. C. Selwyn, 
aasisted by the late Messrs. C. D'Oyley Aplia and R, Daintree, 
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and by Messrs, George F. Ulrich, Norman Taylor, H^ T. 
■ Brown, Robert Etberedge, junior, CbarleB S, Wilkinson, and t 
writer. 

At the close of 1868, tbe Geological Survey Department v 
aboljahed by the Government, bat in 1871 Mr. R. Erough Smyth,, 
then Secretary for Mines, obtained authority for the partial re- 
Bumption of the work, which was continued — first under hit 
direction, and subsequently under that of Mr. T, Couchman, hi 
succeasor — by three geological surveyors, Mr. Norman 'I'aylor 
Mr. Ferdinand M, Krause, and myself, until ihe beginning o 
1878, when all three were dispensed with. 

As the only field geologist subsequently re-instated, and now ii 
the service of the Victorian Government, upon me devolves th 
duty of preparing an essay showing tlie progress made up to datfl 
in acquiring n knowledge of the geology of the colony, Thi 
work is a digest of tho principal information noted in the pubt 
Ucations above mentioned, in the subsequently-issued geologic^ 
progresa reports of the Mining Department, and in the works o 
Professor McCoy, Mr. A. W. Howitt, and others. 

The small amount contributed from original personal observa 
tion gives me no claim to appear otherwise than as a compiler, 
and I undertake the task fully conscious that a life passed froa 
boyhood principally in the forests and ranges within thi 
limits o£ Victoria has not been favorable to the acquirement of a 
scientific education sufiiotently advanced to enable me to fnmisi 
an essay that will bear comparison with those of more giftet 
authors, who have enjoyed the advantages of regular scientil 
tuition and more extended field experienco. If, however, there 
DO geological fact mentioned in this work that has not 1 
already noticed hj others, there are few that have not '. 
verified hy personal observation. 

The leading characteristics of Victorian geology we^e asoe 
tained hy Mr. A. R. C. Selwyn, and a large area was geologicallj 
surveyed in detail under his BuperTision. As regards general o 
lines, little can be added to tho information collected by him; 
though in matters of detail some coi'rcctious and amendments havfl 
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been mado both willi respoc£ to t!ie Geological Sketcb-Thaps, and 
the concluBluna arrived iit as to th.e position of eome rock-forma- 
tioDB which he had not the opportunity to fully inyestigate. 
Irrespective of these matters of detail, to Mr. Seiwyn and his 
principal colleagues is due the credit of having firat demonstrated 
the leading facte of Victorian geology, and of having arrived at 
general conelnaiona, which the reaulta of suhaequent inquiry have 
ia most cases tended lo subatuntiate. 

The latest Geological Sketch-map of Victoria, prepared nnder 
the direction of Major Couchman, late Secretary for Mines, is — 
with the addition of being geologically coloured — the topographical 
map issued from the Crown Lands Department, under the super-. 
Tiaion of Mr. A. J. Skeiie, late Survey or- General. 

A few modifications and improvements, aa regards detail on 
previous sketch-maps, have been effected, but owing to the prac- 
-tical cessation since 1877 of geological survey on an organized basis, 
and the limited time at my disposal for the work of revision in 
field, the improvement ia not so marked as it might have been. 
The map will, however, be found to contain valuable scientific 
information, and, if studied in connexion with the various detailed 
maps, drawings, and writings extant on Victorian geology, cannot 
fail to prove of interest to scientific men and students of geology. 

Mr. A. J. Skene's map of Australia and Tasmania, geologically 
coloured by Mr. A. Everett, chief draughtsman of the Mining 
Department, has been prepared under the direction of the Secre- 
tsrj for Mines from the most authentic data obtainable. 

It will be found to be a most aaeful adjunct to the study of the 
Victorian map, and will illustrate the remarks as to the physical 
geography and geology of this colony as related to the rost of 
Australia which will be met with in this essay. 

Sixty-five geological quarter- sheets, each representing, on a 
.scale of two inches fo one mile, an area of fifty-four square miles, 
■were prepared from minutely-detailed aurveya under the directions 
ef Mr. A. R. C. Seiwyn. 

imilorly prepared mapa of the principal gold-fields, namely, 
Stftwell, Ararat, CIuebs and Talbot, Ballarat, Creswick, and 
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Sandhurst, with sketch-maps of a considerable area in Gippsland, 
have been published under the directions of Mr. R. Brough 
Smyth and Major Couchman, late Secretaries for Mines, and of 
Mr. Charles W. Langtree, who now holds that office. 

Seven Progress Reports have also been issued, embodying the 
individual reports of the geological surveyors, with papers by other 
contributors, and illustrative plans, sections, and drawings. Eight 
decades, illustrating the palaeontology of Victoria, have been pre- 
pared and published under the direction of Professor McCoy ; and 
nineteen plates, with accompanying descriptions, of the fossil-fruits 
found in the Tertiary gold-drifts, have been issued by Baron F. 
von Mueller, Government Botanist. 



CHAPTER I. 
Physical Geoghapht. 
! Cordillera and its Spurs. Boundaries of Victoria. 

Mountain Systems. River Si/ste/ns. Drainage Areas. 

A Cordillera, or mountain chain, conforming approximately in 
directioa to tho eastern and eouth-eaetern coast lines of Australia, 
exteDils from Cape York, tlie extreme northern point of the 
island-continent, through Queensland and New South Wales into 
Victoria, which latter territory may be described aa comprising tho 
south-eastern portion of Austraha, and induding — under existing 
orographical coaditiona — the southern terminal spurs of the 
Cordillera. 

The boundaries ot Victoria are — on the west, the lilst meridian; 
on the south and south-west, the sea coast from the 141st 
i meridian to Cape Howe ; on the north-east, a line from Cape Howe 
I to Forest Hill, a lofty point of the Cordillera which there passes 
into Victoria; and on the north, the Murray River, from its aoufce 
near Forest Hill to the liUt meridian. The total area of the 
colony is computed at 87,88i square miles, the extreme length 
east and west being about 430 miles, and tho greatest breadth 
north and south 250 miles. 

From Forest Hill the Cordillera trends south-westerly to a 
point near St. Clair, between the head waters of three of the 
principal rivers of Victoria, namely, the Tarra, falhng into Port 
Phillip; the Goul burn, joining the Murray; and tho Thomson, 
running into tho La Trobe River, a few miles above where the 
latter enters the Gippsland Lakes. From St. Clair, a great spur of 
the ConliUera extends through the colony, in a general direction 
slightly north of west to the Glenelg River, near the South Aus- 
tralian border, where the raaga slopes down to the low-lying and 
nearly level country, of which the western margin of Victoria from 
the sea to tho Murray principally consists. The Grampians, 
which include the Sierra, the Victoria, the Dundas, and the Black 
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BaugeB, coDBtitute the terminal western points of tliia mouat^Jn 

Another spur, vrliich will for the Bake of distinction be hen 
termed the Southern Spur, branches from the Cordillera at St. 
Clair, and extends southerly, but in a very zig-zag manner, to 
Wilson's Promontory, the extreme Bonthcm point of Aiistrali 
This spur is not so conspicuous a mountaiu chain as the western 
range, but is of geographical importance, being really a portion 
of the water-shed line extending from the extreme northern to the 
extreme southern point of Australia. 

Tho question as to which of these two spurs represents the 
extension of the Cordillera will be discussed after the rock- 
formatioos haTO been described, and data thereby given for the 
opinion advanced. 

The portion of the Cordillera from Forest Hill to St. Clnir, and 
the great range extending westward from St. Clwr to the 
Grampians, together constitute geographically, and will be I 
referred to as, the " Main Divide" of Victoria, forming the water- 
shed line between the Murray Kiver system on the north, and tho 
numerous streams debouching on the soulbern coast between thS; 
Snowy Rivor and the Glenelg. 

The loftiest summit of the Australian Cordillera is Mount 
Kosciusko, 7,300 feet above sea-level, situated in New South 
Wales, about 24 miles northward from Forest Hill. In Victoria,, 
the highest points of the Main Divide are between Forest Hill , 
St. Clair, the names and heights of the principle ones being as 
follows;— Forest Hill, (about) 5,000 feet; Mount Cobberas, 6,1 
feet; Mount Tambo, 4,700 feet; Mount Hotham, 6,100 feet; Tho 
Twins, 5,575 feet; Mount Howitt, 5,715 feet; Connor's Plain, 
5,500 feet; Fullarton's Spring-hill, 5,400 feet; and Mount Mat- 
lock, 4,5GI feet. 

Mount Bogong, 6,508 feet, and Mount Feathertop, 6,303 feet, 
the highest mountains in Victoria, are peaks on northern spurs 
from the Main Divide, the former between tho Eiewa and the 
Mitta Mitta, the latter between the Kiewa and the Ovens Rivers. 

Westward from St. Clair to Mount Strickland, the Divido 
maintains an average elevation of not less than 4,000 feet ; bnt 
from Mount Strickland to the Grampians none of the highest peaks 
attain that altitude. 
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Mount Disappointment, 2,631 feet; Mount Macedon, 3,324 feet; 
Mount Buangor, 3,247 feet; Lar-ne-Gerin, 3,123 feet; Mount 
Ararat, 2,020 featj and Mount William, in the Grampians, 3,827 
feet, shore aea-level, are tlie liighest elevations westward from the 
meridiau of Melbourne. The average height of the Main Divide 
may be approximately stated at about 3,000 feet, some of tlie 
lowest Baddies being as low as 1,000 feet above eea-levei. The 
Main Divide has a general bearing of a few degrees south of west, 
taking a direct line from Forest Hill on the north-eaatfiru boundary 
line to Mount Wiliiam, the highest peak of the Grampians, in the 
■western portion of the colony. The average diatance of the Main 
Divide from the ocean coast is approximately 70 railea, or about 
the distance which the two mountains above referred to (Forest 
Hill and Mount William) are from the mouths of the Snowy and 
Hopkins Rivers respectively, so that aline between the two latter 
points is nearly parallel with one between the two mountains. 

In its principal deviatioaa, the course of the Main Divide con- 
forms noticeably to the conSguration of the coast line; the south- 
ernmost point of the former is where the Cordiileni bifurcates at 
" St. Clair, and is directly north of Wilson's Promontory, the south- 
ernmost point on the coast line. Tlie Divido recedes northward 
conformably to the indentation of Port Phillip, turns again slightly 
flouth-westward, and then deflects north-westward, coinciding in 
general direction with the coast line from Cape Otway to Portland. 
Of the spurs branching from the Main Divide on the north only 
those eastward from the Ovens River extend as far north as the' 
Murray; the spurs westward from the Ovens terminate on level 
country many miles back from the Murray. 

That portion of the Murray Eiver drainage-area which is con- 
tained within Victoria lies to the north nf the Main Divide, and 
comprises more than half of the entire area of the colony. 

The principal Victorian tributaries of the Murray are the Mitta 
Mitta, the Kiewa, the Ovens, the Broken Eiver, the Godburn, 
the Campaspe, and the Loddon, all of which rise in the Main 
Divide, and are fed by numerous tributaries. Westward from the 
Loddon are the Avoca, the Wimmora, and several smaller rivers 
and creeks which run only daring wet seasons, and whose waters 
rarely reach the Murray, being received and retained in lakes and 
swamps, the overflow from which is absorbed by the porous soil of 
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the low-lying tract extending from the Avocn to the western 
boundary of the colony. 

On the southern slopes of the Main Divide, llie leading apura 
separating the principal drainage areas lying hetween Cape Howe 
and Fort Phillip, extend down to, or to withiii a short diatancs 
of, the sea; but, to the westward of Port Pliillip, a wide extent of 
low-lying and level or slightly- undulating country interTenea 
between the foot-hilU of tlie Main Divide and the coast liae. An 
isolated mountainous tract, known as the Cape Olway Ranges, 
totally unconnected by any conspicuous leading range with ths 
Main Divide, lies to the south of a line from Geolong to Warr-- 
nambool. The highest point la these ranges is Mount Sabine, 
1,800 feet above the sea, and from the Mount Sabine Raoge 
numerous spurs descend to tfae coast, where they terminate in 
cliffs and bold headlands. 

The Southern Spur, after leaving the Cordillera at St, Clair, 
trends southward for some miles to Mount Eaw Baw, where ib 
attains an elevation of about 5,000 feet; it then turns westerly 
far as the bead of the La Trobe River, whence it makes a south- 
easterly deflection, and descends to a level not 500 feet above th& 
sea in the neighbourhood of Drouin, where it forms a low water- 
shed between the valleys of Gippsland and Western Port. From. 
here the Southern Spur rises again, and forms the Strzlecki Rau] 
over 2,000 feel above the sea. 

As the Strzleclci Range, and furtiier south-east as the Hoddle 
'Range, it forms the main water-shod of the South Gippsland anil 
Western Port Ranges, and with its numerous olfsboots constitutes, 
within an area lying to the south of a direct line from Westera 
Port to the Gippsland Lakes, a mountainous tract whose only 
connexion with the Main Divide is the low ridge near Drouin, 
above referred to. 

From the Hoddle Range one spur descends to the sea at Cape 
Liptrap, while another slopes down to a low narrow isthmus 
lying between Comer Inlet on the east and Shallow Inlet on 
the west. South from this isthmus rises a rugged moiintainouB 
tract, consisting wholly of granite, of which the highest peak. 
Mount La Trobe, is 2,400 feet above the sea, and the terminal 
point is Wilson's Promontory, the southernmost extremity of 
Australia, 
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The Southern Spur separates the country lying to the south of 
the Main Divide into two great diyiaions, each of whioh contains 
a number of dietinct drainage areas. In the eastern diTision, 
which oompriBes nearly the whole of Gippaland, there are several 
independent streams, dratniug couaiderahle areas between Cape 
Howe and the Snowy River. The Snowy River has its sources 
in New South Wales, hut a large extent of its drainage-area lies 
in GippslanU; its western water-shed line is a range starting from 
near Mount Tambo, on the Mblq Divide, and extending to the 
low country west of the river mouth. 

Between the Snowy River and the outlet of the Gippaland 
Ijakea is a small drain age -sirea, the waters of which pass to the 
sea through Lake Tyere, From that portion of tlie Main Divide, 
extending between Mount Tambo and St. Clair, and from the 
Southern Spur between St. Clair and the Hoiidle Range, rise a 
number of rivera which irrigate the richest portions of Gippsland, 
and finally mingle their waters in the GJppalaud Lakes, whence 
they reach the sea by a common outlet. The principal of these 
rivera are the La Trohe or Glengarry — the Morwell, Norraean, and 
Moe joining the La Trohe from the south and west; the Tangtl, 
the Tyera, the Thomsou, and the Maealister, aSuenta of the Lb 
Trobo, from the north; the Avon, the Mitchell or Wonnongatta, 
the Nicholson, and the Tambo. Between the Gippsland Lakes and 
Wilson's Promontory a number of minor streams empty themselves 
on the coast or into the various inlets. The Albert and the Tarra 
running into Port Albert, and the Agnes running into Corner Inlet, 
head from a range which forms the divide between their waters 
and those of the Morwell, and ia an eastern offshoot from the 
Hoddle Range. The Franklin, the Bennison, and Stockyard Creek 
head from the Hoddle Range, and flow into Corner Inlet. 

In the main western division, that lying to the south of the 
M^n Divide and to the west of the Southern Spur, are a number 
of dintinct drainage-areas. Anderson's Inlet, between Cape Lip- 
trap and Cape Patterson, receives the River Tarwiu, of which the 
eaatem branches head from the Hoddle Range, and the northern 
ftom the Strzlecki Range, both portions of the Southern Spur, 

The Powlott River, entering the sea between Cape Patterson 
and Western Port, heads from a western offshoot of the Stralecki 
Bange, which extends down to Griffiths Point, and forms the 



southern water-shed line of the Btreams falling into Western Port 
Bay. In the drainage-area of Western Fort Bay, the principal 
streams are the Biisg and the Lung Lang, rising in the Strzlecki 
Range, and the Tarago, formerly Tarween, with its affluent thfl 
Buneep, heading from a range whicli braoehea south-westerly 
from the Southern Spur, and forms the divide between Westertt 
Port and Port Phillip. For several miles the Tarago skirta th« 
western slope of the Southern Spur at Neerira, and on leaving it 
receives Brandy Creek, heading from the low " saddle " of the 
Sonthera Spur near Drouin, From ■ another portion of this 
" saddle " small streams flow westvrard into the Lang Lang, 
All waLers eastward of the "saddle" flow into the Moe, and 
belong to the Gippsland drainage Bystem. 

The Port Phillip Bay drainage-area is a very extensive one. Ita 
principal river is the Yarra, whose extreme soureos are near the 
bifurcation of the Cordillera at St. Clair. The main northern 
tributaries of the Yarra — the Saltwater or Maribyrnong Biver, 
the Plenty, and the Watts — rise in the Main Divide; while of the 
southern affluents some head from the Southern Spur, and others 
from the branch range therefrom wiiieh divides the waters of 
Western Port from those of Port Phillip. From this range, por- 
tion of which is known as the Dandenong Range, several minor 
creeks descend to the eastern shore of Port Phillip. The Werribee 
rises in the Main Divide, and enters Port Phillip midway between 
Melbourne and Geelong. The Barwon River enters the sea 
through Lake Connewarre, a little to the west of Port Phillip 
Heads, and takes its rise at Mount Sabine, the culminating point 
of the Otway Ranges. The Leigh or Yarrowec and the Moora- 
bool, both northern affluents of the Barwon, have their sources ia 
the Main Divide. 

In the Cape Otway Ranges, a number of creeks and rivers head 
from the Mount Sahine Range. The principal of these are— 
Barrura, running into the sea immediately west of Apollo Bayj 
the Aire, five miles north-west from Cape Otway; and the Gelli- 
bnind, which heads from Mount Sabine, and, draining the northern 
portion of the ranges, joins the sea a few miles north-west frosa 
Moonlight Head. 

Curdie's River intersects the low-lying western portion of the, 
Gape Otway district, and its mouth is about midway between 
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the Gellibrand and Wsrrnambool. The Hopkins, whioh druina a 
widearea, has its outlet at Warruambool, and its sources ia a con- 
siderable length of the Main Divide, extending ii'oni north of 
Ballarat to the Grampians. Tiie Glenelg River, rising in and 
skirting the northern slopes, flows round the weatorn extremity of 
the Grampians, and after being joined by the Wannoo, which 
receives their southern drainage, enters the sea at the Hist 
meridian, or western boundary line of the colony. Several unim- 
portant streams empty tberaselvea at varioUH points a,long the 
coast, between the mouths of the Glenelg and the Hopkins. 

North of the Cnpe Olway Ranges, and between the water-shods 
of Curdie's Eiver, the Gellibrand, the Hopkins, and the Leigh 
Rivers, ia a district eoataining numerous lakes, salt and fresh. 

The largest of these, and also the most extensive in Victoria, 
IB Lake Korangamiie, a salt lake situated in a large central depres- 
fiion, about 350 feet above sea-level. Lake Korangamite receives 
the drainage of nearly 1,200 square miles, but has no outlet save 
by evaporation. It has been remarked of the lakes in this district 
that those with no outlets are aalt, while those having outlets are 
fresh. The explanation is that in the former the salt brought by 
rain-waters from the soil of the surrounding country has no means 
of escape, while in the latter it is carried away in solutioD, and 
thus does not collect in sufficient quantity to affect the taste of the 
water. Many of these lakes are the craters of now extinct 



Briefly recapitulating, we have, as the leading mountain features 
of Victoria: — 1st. The Main Divide, and its branch systems of 
ranges, 2nd. Tiie South Gippsland and Western Port Ranges, of 
which portion of the Southern Spur constitutes the leading ridge, 
and which are only slightly connected with the Main Divide by 
means of the low " saddle" to which the Southern Spur descends, 
near Drouin. 8rd. The Cape Otway Ranges, totally unconnected 
by any icading ridge with the Main Divide, and occupying a great 
southern projection of the land westward of the meridian of Port 
Phillip, as the South Gippslaad and Western Port Rouges occupy 
a, aimilar projection eastward thereof. As the principal groups of 
drainage systems we have — 1st, that of the Mumiy, north of the 
Main Divide; 2nd, the South-eastera or Gippaland systems, south 
«f the Main Divide, and oast of the Southern Spur; 3rd, the 
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South-western systems, or those south of the Main Divide and 
west of the Southern Spur. 

The foregoing description of the principal mountain and river 
systems has been given somewhat minutely, as I wish hereafter to 
show how the present physical structure of Victoria is due to a 
complication of causes, in the form of geological changes, which 
have been incessantly at work since the remotest epochs. An 
attempt will also be made to indicate the comparative relations of 
the sea and land surfaces, and the positions and courses of the 
principal drainage channels, during various eras in the geological 
history of this country. 



Geological Formationa. 



CHAPTER II. 
List of Geological Formations. Relations of Main 

Geological and Geographical Features. 
The table of coloura and explanations on the Geological Sketch- 
map of Victoria (8 miles to I inch) showa four principal groups, 
comprising in all thirteen distinct formations, known to esist in the 
colony, and'proTeJ in most cases by palieontologieal evidence to be 
the equivalents, as regards geological position, of well-explored 
analogous formations in Europe and other parts of the world. 

On tho detailed geological maps are shown several subdivisions 
— into Alluvial, Po a (^Pliocene, Newer Pliocene, and Older Plio- 
cene — of the deposits Indicated on the sketch-map hy one colour, 
under the general heading of Post-Tertiary and Upper Tertiary. 
Tile results of farther iuvestigatiou will, no doubt, justify sub- 
divisions of the Mesozoic and Palteozoic groups. 

Subjoined is a table of the principal groups and divisions of 
Victorian geology, as shown on the Geological Sketch-map above 
referred to, and the names of the colours used to distinguish 
them; — 

TABLE OF COLOUKS AMD EXPLANATION. 
Tertiak? or Cainozoio. 
(a) 1. Po»l Terliary. 
CouicRB USUI OS 1. Recent creek and river deposits, forming alluvial 
^^ flats; sajid-dunes ; recent aands, clays, gravels, and 

estuary beda, forming surface deposits of plauis bordering 
the Mnrray River, from the Ovens to the western boun- 
dary of the colony. Sale Plaina ; Albertau; PlaiDa 
botween Werribca and Little River. 

(a) 2. Upper Tertiary (Pltormt). 
(a) Tetre Vert. 2. Ferruginons sandstones, with mnrine Bhells, Geelong, 

Flomington, and Brighton ; Qnartz gravelB of the Flagstaff 
Hill, Melbourne, Haunted Hill, Tom's Cap, and Long- 
ford to Woodside in Gippsland, northwards from Stawell 
towards tho Wimmera River ; Fresh-water limestones, 
Qeolong ; Leaf bods of Daylosford and Malnubury, Bal- 
larat, Creawick, and Haddon Loads. 

Fossils. — Fauna — Mammalia ; Pfumeolomyi plioeemia 
(McCoy), Thylacako camiffx (Owen), Biprolndon laitgi- 
eepa (McCoy), Arelocephalas WiUiamai (McCoy), Cmub 
dingo, Sarcophiliin urginai, Proeoptodon Ooliath, ifaeropui 
Alloa (Owen). Fishes : Chareharodott cmgualidtiu (Ag.), 
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IB tisEu ON C. mijjfUotlou (Ab,)- MoHubco : CerithiiiTn Flfminglonenas 

"''• (MoCoy), HaliaUs TUEOofoldes (MoCoy), Waldheimia mae- 

ropora (McCoy), &c. Radiata : Loaenia Forbesi (McCoy), 
Monoe^chia AuslralU (Litabe), fto. Flora : Eucalypiat 
Pliili, SpaiidyUmtTiAaa Smythii, Phymatocaryoa Maekayi, 
Cehjphina MeCayi, Conchollum turgida, PlalyaAla SidJi' 
vani, and others, chiefly by Y. v. MneUer. 

fb) MiddU Tfrt%ary (Mioetne). 

)wOQhre. White olayg, with impreaflioBa of leaves beneath the 
older volcanic, Flemingtoii, Berwick ; Feiruginoua beds, 
with fossil flora, Fentland Hilla, Barga and Bogoiig 
High Plaina ; Auriferous gravels, Dargo High Plains, 
Tuijil, and Russell's Creek ; Foasiliferous sanda and 
claya ot the Biver Glenelg; Fosailiferons,, sandy, and 
calcareona beda on the coast between Warmamboal and 
Caps Otway, and between Lautit Bay and Cieelong, 
MooraboDl Slver, Leigh River, BaimsdalQ, Gippaland 
Lakes' entrance, Longford and Merriman'a Creek, nsftr- 
Sale, Cardie's River, and other localities ; Li^iiteB, 
MeKirley'a Creeh, north of Crosaover and Tarwin River, 
near McDonald's track; Calcareous beds underlying the 
TJpper Tertiary of the plains bordering the Mnrfay ; 
Siliceous conglomerates and qoartdte nnderlying Older 
Volcanic rooks, Gippsland. 

Fossils.— Fauna : Sgaalodon (FiiSiiwion! (McCoy); Phy- 
ittodon BayUyi (McCoy) ; Gttolotiles, 4 species ; T'rv/onia 
acuticoatata (McCoy), T. strnt-undi^ala (McCoy), and T. 
Hawttt'i (McCoy)'; Tfihya Nmiberyi (McCoy), Oraphularia 
JtobiTUB (McCoy). [Note. — This sea-pen is the aupposed 
South Australian Tertiary Belemnite, referred to in 
various publications.] Clypfostfy OippelaTtdictis (McCoy), 
HaliolU Moorabookitsii (McCoy) ; ffaliotis ovinoidea 
(McCoy) ; Plearotomaria rertiorio (McCoy) ; Peettn, 
variouB specie? ; ffimiiles Corioeneig (McCoy), Sptmdylut 
Ornderopotdes (McCoy) ; Terebraiula, various species, in- 
oluding Waldheimia Corioemm (MoCoy), Cardmrnpieado- 
magiinm (McCoy), Cncttlhxa ConotTteia (MoCoy). Flora : 
Cimiamonmm polymorpkoides (McCoy) ; Lmtrue Werri- 
beaisii (McCoy) ; Salishuria Murrayi (McCoy), ha., ha. 
(c) Lower Tertiary (Oligocene). 

raid Graan. Grey clays, with sgitana, near Sohnapper Point and 
mouth of Gellibrand River. 

PararaPAL Fossils. — Limop^ auriia (Sassi); L. Bel- 
eherij Peetvaiettlus laticoaUilus (Quoy) ; ACuria Zio-zae 
var.AuglraHi (McCoy); Jiavtiliu; Valuta Maroiofordi ; 
V. anli-cmgiUala ; V. ilrophodon (McCoy); V. anti- 
scalariii (MoCoy) ; V, mncrojrfera (McCoy); Cypraxl gigas 
(McCoy); C.gastroplaa: (McCoy) ; G. crmsobrina (McCoy) j 
0. conlvea (McCoy); O. plaiypyga (McCoy); G. pla- 
tyrhyndia (McCoy). 



(d) Oolitic fCarhoTiaefoue). 
1. Thick and thin irreKularly-bedded breccias, con- 

e' imerates, sandstones and shales, with seams of coal, 
pe Patterson coal-field; South Gippsland; Bellarine ; 
Cape Otway, and the Wannon. 
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CoLoiraa tisBu on Fossils,— flora : Taniopteriti J)aintresi (McCoy) ; Po- 
""•; dommiCea Barkiyi (MoCoy) ; P. eUiptkm (MoCoy) ; P. 

b»igifoliiis QiaCov) ; PecopteriaAiwtraUe^^cCo^); Spln- 
nopterig, ka. Faima : Veiry raJ^, only two Bpecimena 
found, Unio Dacamhi (McCoy), antl Vn\o Marrayi 
(McCoy). Both freah-water molluBcB. 

2. Sandstones of BiicchuB Marsli, containing Oanga- 
moplerU angw<li/alia (Mi£oy), Oani/aiaopieriii spalatala 
(MoCoy),and(?anso,inop(erisoi/t7Uo (McCoy). ropreHenting 
the MeaoBoic Talchir beds of the Indian coal-fields. 

pAi.a;ozoic. 
(e) Upper PaliEDzoie. 
(e) Burnt Umber. 1, (! Cacbouiferoua) Maaaive aandatones, in which foaBlls 

have not yet bem found, Qrampiaus. 

2. Thick-bedded Handetonea, coarse congloraerates, 
pnrple quartzose grits, grey fla^, micaceous abales, and 
Ted orgrey rubblymudstonea, with occasi oil a1 interbedded 
layers of porphyry and molaphyre, representing the lava 
flows of the period altered by chemical action. The 
country between the Mscalister and Mitchell Riffers, 
including the Avon River watershed in North Oippahmd ; 
Mansfield ; Momit Tambo, and small tracts eastward 
from Mount Cann in the Bouth-eaattrn portion of Victoria, 
and on the Mitta Mitts Rivbr. 

FoaaiLH. — Lepidodauiron Aitslrale (McCoy), Archaop- 
lerie Hoioitti (McCoy), Conlaite» AuMraHa (MoCoy). The 
two latter are considered by Professor MoCoy as indi- 
cative of Upper Devonian, the first being of Lower 
CarboniferouB aspect. 

(f) Devonian. 

Devonian limestanos and calcareous beds, Mitta Mitta 
River, Bindi, Bucban ; Micaceous sandstones and shales, 
Tabberabbera ; Quartz-porphyry, felatone, tc. , beneath or 
interbedded with the Buchan beds. 

Fossils. — Spi-rifura Ifemcoslala, Farogiles OoltJfusei, 
Chonetra Australia (McCoy), Phragmoccra* sitblTiyonum 
(McCoy), Aalerolepia ornate var. Aualraii^ (McCoy), 
(ft) ^Fpo' Siluria/n. 
rol Soft line-grained micaceous sandstones and clayatwies, 
Melbourne; blue, grey, and yellow sandstones, mudstones, 
and calcareous breccias, Yarra basin ; Bluish'grey mica- 
ceous mudatones and sandstones, near Kilmore ; Sand- 
stones, Bohiats, shales, limoBtones, conglomerates. Capo 
Liptrap, Waratah Bay, Stockyard Creek, and Turton'a 
Creek, South Gippaland, and the conntry between the La 
Trobe and Maoaliatar Rivers in North Gippaland, Wood's 
Point, Alexandra, and Hcathcote ; Encrinital limestones, 
Thomson River, Tyers River, and near Mansfield. 

FossTLs. — OrUioceras Ibex (Sow.); O. BulUUttm (Sow.) - 
0. ca'pilloeum (Bar.); 0. ItRfare (Milnst,} ; O. glriato; 
punctattan (Milnst.); Cardmm Oippikmilicwra (McCoy); 
Petraster Bmyth\HUaCci3); Urtatfrdia Sdwm.HlA.cCoy)-, 
Pliacops caiMatm (Brong.) ; Ph. feaa\Av,a (Bar.) ; iMva 
Aval.ralix (McCoy) ; Somalonolus Hairriaoni (McCoy) ; 
and other TrUohiits of various species ; Lepltmoi rAom- 
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< boidaUi, Spiiifera pliccUeUa, Spirigera relkntarU, Trema- J 
toapira Sopleura (McCoy) ; TrematoKpira /ormosa (Hall) ; ■ 
Pmtamerus Autlralis (McCoy); Oraptolitai priodoniBM.);! 
OrapCoUles (EeiiolileaJ Atmlralis (MoCkiy.) 
(h) Lower Sihtrian. 
Blue slftteB, mudatones, cIa.ystones, course and fine ■ 
BandatoneB, grits, and quarUitea, Sandhurst, Castleniaiiio, 
Bollarat, Ingle wood, Maryborough, Beech worth, and 
Crooked River diatricts ; south-eaatem portion of Gippi- I 
land ; the head of the Mnrraj, where limestone banda ■ 

Fossils. — OraptoliUe ( Diplor/rapinm) patTneia (Bar.) i;l 
Didymograpsju Headi (Hall) ; D. Thureaui (McCoy) iM 
D. ipiadTibraduatvs (Hall) ; D. fniiiamis (Hall) ; D 
or.iobrachialas (Hall) ; J}, hryonotilfji (Hull) ; D. Logan 
(Hall); D.extengve (Hall); D. caduceus (Salt.) ; D.graeiiiii 
(Hdl); PhylograptnaJbUimi, Cladograpaue, &c., of v, 
BpeoleB. 

Cbtstallinr (Azoic). 
(i) Meiamorphie Strati^ed Eocis. 
MetamorptuBed Iiower Silurian rocks, east of Beech-J 
worth and at Stawell; Silky micaceous scfiiats, mical 
schists, and gneiss of many varieties, passing from nn-:^ 
altered Silurian into metaniorphic granite, Omeo, and I 
Mittci Mitta districts; Chloritic talcose and micaceooal 
schists and gneissose rocka. Upper Murray and River | 
Glendg. 

IiiSEoua (Volcanic and Plutonic). 

( j ) Newer Volcanic. 

Ash, scoriic, felspathic lavas, basalt, Tower Hill, Moouti 

Pomdon, Weatam plains ; Keilor, Werribee, and Smeatool 

plains; Sebastopol Flatean, Mounts Bnninyong and War-fl 

lenheip, Kyneton, and Mahnshury. 

(k) Older Volcanic. 

Decomposed basalt, with concentric li 
nodules of hard, bluishhlack h 
Hill, Kangaroo Ground, Berwick, Bnln Buln, Narraoaii, I 
Cape Schick, Phillip laland, Pentland Hills, RusseUHil 
Creek, Taojil, Bruthen Creek, Tarwin River, and 1 
WBire ; Hard dense colnnmai basalt. Cape Schanck, H 
and Bogong High Plains, Gelantipy. 
(1) Trap. 

Porphyry, greenstone, diorite, &c., Snowy River, Dan-L 
denong Ranges, Mount Juliet, Dryden's Bock, Mouatn 
Maccdon. 

(m) Graaile, 

East of Olenelg River, South of Stawell, Yowen TTin, J, 
Mount Korong, Torrioks, Mount Alexander Range, Statioa i 
Peak, Mount Eliza, Mount Ma^ha, Strathhogie Boas 
Bonrcea of the Biver La Trohe, Beechworth, -Mount B . .. 
Baw, Wilson's Promontory, Cudgewo Creek, Tamho j 
Biver, Qenoa lUver ; Syenite, Gabo IsU 
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Victoria presents uo striking geological features of which 
coimterpttrta uanuot be found in other parts of the world. Of the 
formations given id the above list, some, as before stated, can 
with certainty be regarded, on palceontological evldooce, as 
equivalents of well-known European strata; in the case of others, 
the evidence as to their precise position ia meitgre, btit no doubt 
exists as to the accuraey of their general classificalion. Repre- 
sentatives of many of the subdivisions of European geology are 
wanting, or occupy very small areas, in Victoria, though, ae re- 
gards some of them, Mr, Selwyn haa pointed out that they may 
lit one time Lave existed, but have been removed by the action of 
denudation. 

Generally described, with reference to the physical configura- 
tion, Victorian geology presents the following main featnres; — 
I at. The Main Divide and its accessory systems of ranges north 
and south, constituting a great central longitudinal area of Lower 
Palaeozoic rocka, tlirough which protrude msBses of granite and 
trappeau rocks, and on which are overlyiug or flanking depoaita 
of Upper Palicozoie, Mcsozoic, and Tertiary ages, 2nd. The two 
great southern projections of Victoria, comprising the Western 
Port and South Gippsland Ranges on the east, and the Cape Otway 
jRanges on the west, of Port Phillip; also an area in the western 
Jifltriet, south of the main road from Hamilton to Casterton, in- 
cloding a large portion of the drainago-area of the Wanuon, and 
extending westward to the Glenelg Eiver. 

In all these areas the prevailing rouk-formation is of Mesoitoic 
Bge, though moro or leas overlaid by Tertiary sedimentary and 
volcanic layers. Wilson's Promontory, however, the extreme 
southern portion of the South Gippsland Ranges, consists entirely 
of granite anl from near Anderson's Inlet to the head of Corner 
Inlet the Silurian rockb bound the Mesozoic area on the south. A 
protrusion of the Silurian through the Mesozoic rocka occurs at 
Torton'a Creek some ten miles north from Corner Inlet. A small 
area of Meeozoii. rocka occurs near Bacchus Marsh, The total ex- 
tent of country m which the Victorian rocks of this series prevail 
near the surfaco is about 4,000 square miles, but an additional 
ares of nearly equal extent is probably concealed by overlying 
Tertiary deposits. 3rd. Tiie low-lying or allgbtly-undulating 
tracks, consisting of sedimentary deposits of Tertiary and Post^ 
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Tertiary ages. Of these, the principal are : — T!ie level country 1 

lying Houthwuril of the Murray River, from Wahgunyali to thoT 

western boundary of the colony, including the Wimmera districU^ 

and estendiug thence aoutliward to the mouth of the Glenelgil 

tracta bordering the sea-coaBt, and extending for i 

tances inland, from the Glenelg to the Geilihrand; from Loati|| 

Bay to Port Phillip; from between St. Kilda and Fraukston e.i 

to Weetem Port ; from the Powlett River to Anderson's ItJei 

(here, however, the recent deposits rest very thinly ( 

rocka); from Corner Inlet to the Gippsland Lakes; the e 

bordering the latter on the north, and that extending eastward 

along the coast nearly to Cape Howe. 4tli. The areas ou whioq 

the Newer and the Older Tertiary volcanic rocks form the preva^ 

lent surface formation. Of the Newer Volcanic areas the principal 

is that lying westward of the meridian of Melbonrne, bounded i 

the flonth partly by the Port Phillip coast and partly by the sedia 

mentary Tertiary and Mesozoic areas lying sonlhward o 

from Geelong to Portland ; on the west, by a line from Portlant! 

to the Wannon; and oa the north by the Palaeozoic rocks of ihd 

spurs from the Main Divide. Between some of its leading Bpurtj 

strips of volcanic rook extend up to, and in some pU 

Main Divide, thus connecting the great volcanic areas lying t 

the south with those of lesser extent on the slopes towards t 

Murray. 

Older Volcanic rocks of the Middle Tertiary period constitute tld 
surface formation of various small areas in the Geelong distrioi 
around Melbourne, near Bacchus Marsh, Ballan, and betwe« 
Lethbridge and Steiglitz; but they are more extensively develop* 
in, or on either side of, the low-lying country which e 
between Western Port and the La Trobe valley in Gippsland, a 
they also constitute the elevated plateaux known as the Dar« 
and Bogoag High Plains. The low ridge near Dronin, previonsll 
described as forming the connexion between the mountain s; 
of the Main Divide and the South Gippsland Ranges, consists ^ 
decomposed Older Volcanic rock. 

Throughout the colony, Tertiary sedimentary and volcanj 
cappiugs and outliers overlie the Mesozoic and Fal^eozoic r 
up to elevations of nearly 6,000 feet above sea-level. TertiaJ 
deposits of marine origin are, however, only found below i 
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altitude of 1,000 feet above the sea; any Tertiary deposits above 
that level show evidence of being due to fluviatile or lacustrine 
agencies, at any rate so far as the existing arrangement of their 
materials is concerned. 

Having so far given a general description of the main geological 
features, as related to the physical geography of Victoria, the for- 
mations themselves will now be described in ascending sequence, 
so as to portray, if possible, the natural operations and changes 
that have taken place from Palaeozoic times to the present. 
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CHAPTER III. 
Granite — Localities; Physical Character and Vegetation of 

Granitic Areas. Mineralotjical Characters — Stratigraphy 

eal Position and Relations to Palaeozoic Backs. Trappean 

Rocks — Mineralogical Characters of, and Areas occupied 

by. 

Localities. 

Granite oecura in protrading masaea forming isolated aruas of 
varying extent throughout the colony. 

To quote from Mr. Selwyu's work: — " It does not ocGtir along 
nny defined axis or line, nor has it any physical eonuexion witb 
the maiu goograpliical axis of the country, but forms isolated 
groups of hills, such as Station Peak, Mount Eliza, Arthur's Seat, 
Wilson's Promoutory, &c,, on the south, and Mount Aleiiinder, 
Mount Tarrangower, the Terrieka, Mount Korong, Mount Beck- 
worth, and others on the north. 

Some of these — as Station Peak, the Granite Range of the 
Anakies, the Terrieka, some poiuts on rhe Avoca Plains, and a 
Solitary outcrop west of the Glenelg Kiver — are entirely surrounded 
hy lerel Tertiary or Volcanic country, and are not connected by 
any surface ridge with the main mountain system. 

On the Main Divide itself, a portion west of Ararat, Lar-ne- 
Gerin, Mount Buangor, a portion north of Laucefield, Mount 
Disappointmeut, Mount St. Leonard to Mouut Arnold, and east- 
ward of Mount Leinster, between Mounts Tambo and Cobberas, 
are the only instances where granite constitutes the crest of the 
Main Divide, and the greatest lengths of these granitic areas are 
usually across, instead of along, the axis of the range. In most 
cases, the granite outcrops constitute porttous of the minor systems 
of ranges formed by the leading northern and southern spurs from 
the Main Divide. Of the two largest areas of granite, one is 
that which extends between Eeedy Creek and the King River, 
and includes the Strathbogie Ranges ; the other is that consislbf 
partly of granite and partly of rocks classed on the Geological 
Sketch-map as Trappean, which extends from the Maiu Divide, 
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between Mount St, Leonard and Mount Arnold to the Gonlburn 
on one side, and on the other to the Yarn*, where it is connected 
by a narrow helt with another large granitic area extending along 
the Southera Spnr from Mount Baw Baw to the head of the 
La Trobe, aad thenoe to near Datiiienong. 

Besides those already mentioned, tlie following are the principal 
tracts where granite occurs as the surface rpck : — An area sur- 
rotmded by metamorphie rooks hetween the Wannon and the 
Glenelg, and several localities in the Grampians; Towen Iliil, 
Mounts Gowar, Keraug, Egbert, and Mclntyre's Ranges, near 
Kingowerj between Ararat and Stawell; small outcrops near St. 
Amaud ; Mount Bolton ; from Elphinstone, through Ravenswood, 
to Tarrangower; eastward of Ballarat ; Putter's Ranges, near 
Wangaratla; Eldorado to Beechworth; Myrtleford to Tackan- 
dandah ; Murray River, eastward of Mitta Mitta River ; tlie 
Buffalo Ranges; The Brothers, near Lake Omeo; Tamho River; 
Swift's Creek; Cargo and Mitchell Rivers; Snowy River, Mount 
Eilery, Genoa River, Ram Head, Ilowe Hiil, Gaho Island, Tam- 
boon Inlet, Point Everard, the Bogong Mountains, and a small 
outcrop in the head of a hranch of the Avon, in Gippsland ; be- 
sides a niunber of minor occurrences, which will be found indicated 
npon the Geological Sketch-map. 

Phtbical Chabacter and Vegetation of Granitic Arbah. 

The physical aspect presented by the granitic areas is nsuaily 
tof a, rugged character, except where, in the less elevated tracts, 
the outlines have been softened by denuding influences. la tiie 
Jiigher mountains, the weathering of the softer portions of the 
BTanite has left, jut-ting from the soil, immense bare portions of 
the harder rock, upon which -great egg-shaped masses frequently 
rest on end, and appear as though a touch would overturn them. 
(Figa. 1 and 2.) 

The Wilson's Promontory mountains abound la such "tors," 
i«rliich are generally characteriatic of granite country in this and 
other parts of the world. 

'he granitic areas in Victoria, as a rule, are covered with an 
inferior soil for either agricultural or pastoral purposes, and 
eupport only small or medium-sized timber; but in some localities, 
where the conditions are favorable and the climate humid, they 
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Bustain a gigantic forest growth, with an almost impenetrable 
ficnih of smaller vegetatioD. 
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In tho valley of tlie Watts River, and on tlie southern elopes oi 
Mount Baw Baw, grow eomo of the loftiest treea (Eucalypts) in 
the world, surrounded bj a dense growth of Iiazel (Fomaderris 
apetala), muak (^Aster argop/ii/ltus), dog-wood {Senecio Bed- 
Jordii), sassafras {Athcrosperma moichatum), various pittospo- 
riicas, and numerous other shraba and tree-ferns of several species. 
The native beeeb {Fagua Cunnirufhami), oue of the most beauti- 
ful of our forest trees, attains ita greatest perfection in these 
Jooalities. 

Mix ERA LOGICAL CUAKACTEKS. 

The typical granite of Victoria is the uormal coarse to fine 
eiystalline-granular ternary compound of quartz, felspar, and mica, 
which constitutes the typical granite of other parts of the world. 
Nearly all other known varieties are also met with — as liinartf 
granite, composed of quartz and felspar; griesen, composed of 
i^aartz and mica, and devoid of, or very poor in, felspar; syenite 
granite, porphyrilic granite, &c. The felspar varies in colour 
from white to deep pink; the quartz is vitreous, white or grey in 
colour, and from nearly transparent to opaque; the mica is black, 
yellow, or white, and the three minerals occur in variable propor- 
tions. Black tourmaline (schorl) is frequently present as an. 
accessary mineral. In the granite of Wilson's Promontory, Beech- 
■worth, Mount Alexander, &e., prisms of schorl occur, singly or 
aggregated in radiating masses. Dykes of fine-grained schorl- 
aceous gruuile, accompanying quartz veius, intersect the ordinary 
granite in the first-named locality; and numerous other varieties, 
in the form of dykes, traverse the main granito masses. 

At Tanakie landing, on the western shore of Comer Inlet, tho 
flTBoite contains small garnets, and from the grauitic detritus in 
the same locuhty zircon, topaz, green and blue sapphire, and a 
fflnall ruby were obtained by Mr. W. Miliar, manager of Tanakie 
Station, and examined by Professor Ulrich, who also enumerates, 
'puumg aocesaary minerals occurring in Victorian granite, tm ore, 
ttfddaie, chlorite, flv.or spar, and amethyst, at Boechwortii and 
Ohiltorn; columbite, at Maldou; molybdenite, at Yackandandab, 
llaldon, and MoHagul; iron-glante, at Mount Korong; and iron 
pyritM, generally distributed. The granites of various localities, 
aa Harcourt, Gellibraad's Hill, Gong Gong near Ballarat, &c.. 
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aSoril good durable building stones, and are also Taliiable for 
monuniental purposes. A very beautiful syenite granite, composeil 
of red felspar, quartz, and hornhlcude, occura at Gabo Island, 
and liaa been used in the General Post Office, the Custom House, 
and tlie Australasian Inauruuce Compnny'a office, in Melbourne. 

The typical Oldor Plutonic granite and kindred rocks unques- 
tionably occupy the lowest stratigraphical pnsition, and couBtituto 
here, as they probably do throughout the world, the prevailing 
rock foundation. Their appearance at the surface in evidently dne 
to the removal, by denudation, of once superincumbent sedimentary 
strata. Geologically, however, these older hypogene rocka are 
younger than the Palieozoic atratji of Silurian age, but older 
than those classed as Upper Palosozoic, The grounds for this 
opinion are, that whereas the Upper Palfeozoie rocks, where found 
resting on the granite, are unaltered, and their gr.inite foundation 
appears to have been bs we cow see it at the time of their 
deposition, the Lower Palteozoic rocks are invariably more or 
less metamorphosed near their contact witli, and frequently 
contuiu injected veins of, the granite, showing that since their 
deposition the granite has l>een in a heated and plastic, or possibly 
ft molten, comlition. (Fig, 3.) 

Another marked feature is that the granite intrusions do not 

appeur to be connected with the folding process to which the 

Silurian rocks have been subjected, 

and to which is due the normal high 

rate of inclination of their layers. 

That process would appear to have 

a place prior to the invasion of 

the sedimentary strata by igneous 

masses, as wo find in many esses 

that the strike of Siluriau strata 

abuts directly on the granite, and in 

others that the dip of the strata is 

against, instead of with, the surface 

slope of the granite. Evidences of 

e character of the granite 

L extent are, however, 

L the locally -contorted and crumpled 



Sketoh-eectiou illustrating r 
lationa of Granite, Silurian, 
and Upper Devonian rocke. 
Mount Hump Creek, branch 
ot Avon River. 




visible in many places. 



e of the Sill 



II sti'ata near their c 



vith the former. 



Mineraiogieal Clumictera. 



According to the deecnption given by Mr ARC Selnyn, of 
the country east of the Snowy River, the aummits of many of the 
hills and ranges there conaiat of nearly vertical Silurian alales 
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and sandstones, resting on edge upon the grftnile which appears I 
at the base of the slopes. These facts indicate that the preseacvfl 
of the gmnite cannot be immediately associated with unj idea Ml 
to the naturo of tlie forces ivliich caused tie general tildngJ^ 
folding, and corrugation of the Lower Palieozoic rocks; i 
that the granite, as we now see it, could not have been th^ 
foundation on which thofle rocks were originidly deposited 

The inferences are that after, or perhaps during, the plicatioD,! 
by whatever causes, of the Silurian rocks, an access of heafil 
caused the fusion of their foundation at great depths below thsl 
then surface; that this fnsed am! plastic mass invaded and partly) 
absorbed the lower edges of their folds; that beyond the limita o 
such actual transmutation of the sedimentary strata into portio. 
the fused granitic mass, the former were metamorphosed by heaiH 
and other agencies combined for a greater or less distance from 
the igneons mass; and that after this mass had cooled and codeo-^ 
lidated into granite under great pressure,' and at great depth below 
the then surface, the action of denudation during subsequei 
periods removed portion of the superincumbent strata, and laidj 
bare its more prominent projections. (Figs. 4 and 5.) 




!Fio. 5. — Seohos Sbowinb cobtact of Gbivitb and SittntiAis.^TAir. I 

KOCKT MODNTAIM GOLD StniCUIO CoMPANT, BeECHWOH' 

Much of our granite may, therofore(aB indicated liy Mr. Selwyn),! 
he regarded as completely transmuted Lower Palaiozoic strata; huH 
as this subject will be further dealt with in .describing thm 
metamorphic stratified rocks, the Plutonic igneous rocks allied b 
granite, but of somewhat different mineral combinations, will £ 
be noticed. 
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Among the arens represented iia " trap" on the Geological 
Sketcb-map, the rocks in tbree, nttinelj, tliose of Mount Mucedoo, 
the Dandenong Ranges, and Mount Juliet, besides othera of minor 
extent, appear to be intimately associated with the ordinary 
granites, though the true relations of the rocks have not yet been 
properly investigated. In all thi-ee instances there seem to bo no 
clear! y-de lined lines oF demarcation between the rocks classed as 
"trap" and tbo adjacent granites, while in some places a gradual 
passago from one to the other, as regards mineral composition, is 
observable, and the different forms appear to blend with one another 
as though they were simply rocks of varying mineralogical struc- 
tnre belonging to the same general mnss. The tnippean area of 
Mount Macedon, on the Main Divide, as shown upon the geological 
map of the locality, is partly bounded on the east by granite, ap- 
parently not presenting any abnormal mineralogical character, 
judging from the notes upon the map, which indicate coarse and 
fine-grained varieties, with large and small plates of mica, and, 
occasionally, schorl. Between this granite and the " trap " only 
an approximate boundary line is indicated. The rock of Mount 
JUacedon itself, and of several other places iu the same area, is 
described in the notes upon the map as " dark-grey feispar trap, 
granuhir, and not at all porpbyritic." Monnt Diogenes, another 
point on the Main Divide, north-eastward from Mount Macedon, 
ia described as a dome-shaped muss of rock of a porpbyritic 
character, i.e., containing disseminated isolated crystals. A speci- 
men from here ia described, in a catalogue pablishod by Mr. 
Selwyn in 18C8, as consisting of a light-coloured granular base, 
"with black specks, probably hornblende, and enclosing crystals of 
■orthoclase felspar and quartz, A general note describes the "trap" 
•of the northern portion of the area as displaying " a soft ash- 
coloured earthy and amygdaloidal character, whilst that of the 
Bouthem (near the granite) ia dark-grey, granular, and crystal- 
line." Other varieties of "felspar trap," "felspar porphyry,'' and 
"granitic porphyry," are described in Mr. Selwyn'a catalogue as 
liaring beeu obtained from the Mount Macedon Range, and 
from neighbouring trappean areas. Specimens lately examined 
ebow a mineralogical composition, justifying the application of 
the term " syenite porphyry " to some of the Mount Macedon 
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Tlie " trap " of the Daudenong Ranges is Bhowu on the Get 
logical Sketch-map as being bounded on tlie Boiith. by granite, j 
and on the other sides by Upper Silurian rocks, SpecimenB of 1 
" ternary granite '' and syenitic porphyry, from near Dandenong, J 
and of " micaceous felspar trap," " felspar porphyry," and "syenitio ] 
felspar porphyry," from the Dandenong Ranges, are described in | 
Mr. Selwyn'a catalogue. 

Tlie Upper Silurian rocks near Lillydale show considerable ' 
metAmorphiHin near their contact with the " trap " in the northern 
part of the Dandenong Kango, indicating a heated condition of J 
the trappean mass subsequent to the deposition of the Silui 
strata. , 

The great trappean area, of which Mount Juliet is the centrejll 
and which also includes portion of the Main Divide, hetweeal 
Mount St, Leonard aud Mimnt Arnold, is more or less bordered by I 
grauite, which forms iuterveoing belts between it and the Silurian A 
rocks. 

So far as this tract has been snperficially examined, no arbitraicy J 
line of demarcation between the granite and the trap can be Iai& J 
down. The general characters displayed by the latter are TarioaSil 
but of some typical sample'! I am fortunately able to quote the fol-J 
lowing descriptions, supphed by Mr. A. W. Hewitt, F.G.S., -wha 
has made the microacopical investigation of rock-structure one c 
bis special studios, and who has kindly examined for me 
number of igneous rock-specimens : — 



AP, NEAS HEALESVILLE. 

"G-round-masa, micro-crystalline, consisting of felspar an<ij| 
quartz. In it are — (1) Crystals of quartz; (2) Orthoclase crystals^ 
No triclinic felspar observable, but a little mica (7 muscovite)|B 
which is quite subordinate. In composition, this is a quart 
felsite." 

Another specimen of trap rock from the Watts River, neat I 
Healesville: — "This is a quartz porphy rite (hornblendio)." 

No. 1 specimen, from north of Yarra River, opposite Warbnrton«J 
— " Ground-mass, micro-crystalline, of quartz and felspar and I 
little magnetite 7 In it are — (1) Felspar, mostly plagioclasej (Zjl 
Chlorite pseudomorphs after hornblende; (3) Masses of 
ground-mass. This is a hornblende porphyrite." 






Trappean Rocks. 29 

No. 2, uortb of Tarra River, oppoaite Warbiirton. — " This rock 
is in cliara,cCeT between a quartz porphyrite anil a quartz felsite, 
there boiag both orthoclaae and plagioclase felspars." 

Two remarkable belts, resembilcg euormous dykes, are indicated 
as trappean on tbe Geological Sketch-map. One forma the aummit 
of the Mount Staveley Range, sonth from the G-rampians, between 
WickliffeaudDunkeld, and protrudes through Lower Silurian rocks. 
Judging from a hand -specimen, the rock is a. felspar porphyry, 
hut I have not bad an opportunily of obtaining information from 
personal observation as to the extent and character of the outcrop. 

The second forms the ridge of the Mount Camel Range, ten 
miles north from Heathcote, and the rock consists there of a dark, 
dense, hornblendio greenstone diorite — hornblende rook. It is in 
the eame line of strike with a targe dyke of fine granite which 
passes through Heathcote. 

Still further to Uae south, in the same direction, another long 
outcrop of greenstone diorite forms a range to the east of Lance- 
ileld. The entire belt, fiom Mount Camel to Lancefield, follows 
approximately the apparent bouodai'y line between the Lower and 
Upper Silurian roeka. 

Mr. Norman Taylor describes the rock near Lancefield as being 
very variable in its minoralogical character, some varieties being 
greenish-black aud dense (aphanitic), others light-green and por- 
phyritic, and others nearly black, crystalline, and very horablendic. 

This greenstone was once largely used by the aborigines for 
manufacture into stone -tomahawks and other implements. About 
a mile north-east of Mount William, near Lancefield, is the site 
(locally known aa the native tomahawk quarries) whence they 
principally obtained the stone. 

Were a number of samples collected aud microscopically ex- 
amined, there is no doubt that a very great variety of minoralogical 
olroctures and conabinationa would be shown to exist in these 
trappean rocks; and, before adopting couclusions as to their rela- 
tion to the ordinary granites, further careful study will be 
necessary. Two probable solutions of the problem suggest them- 
selves. The first, is that the "trap" rocks of the iocalitiea referred 
to are simply portions of the granitic mass, and, like it, of Lower 
Plutonic origin, but thai from some difference of composition, or 
from having cooled uader different eouditions, their mineralogical 
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lumed forms diSerent from those common among tbe 
ordinary granites. The second, is tiiat they are iotnided or irrupted 
maases through, or re-fusiona of, the granite anbseqtient to its first 
cooling, and that they indicate the locaUtiea of deep-seated votcajiic 
activity during Palteozoic times, in which case they might bo 
classed as Upper Plutonic. 

IlJustrative examples of the latter theory are deaoribed by Mr, 
A. W. Howitt, in his work entitled " The Diorites and GrraiiiteB 
of Swift's Creek and tUoir Contact Zones, with Notes on thA 
Auriferous Deposits.'' 

In the work referred to, Mr. Howitt gives an exhauativa 
description of the potrological and mineralogical characteristics of 
the Lgneuus and metamorphic rocka of Swift's Creek, a tributary 
of the Tambo River, and shows that after "regional" metamor* 
phosisofthe Silurian rocks of that loca1ity,andat the line of passage 
from the metamorphic into the oormai Silurian rocks, intrusions of 
granite and diorite took place, which effected around them a still 
farther metamorphism {'' contact " metamorphism) of the slatea 
and schists. Mr. Howitt draws the ooucluaion that these intru- 
sions took place after the close of the Silurian, and before com- 
mencement of tbe Upper Devonian, periods, and were probably 
connected with the volcanic activity of that time. These Newer. 
Plutonic rocks will, however, be referred to when describing th»' 
rocks of the Devonian period. 

On the northern margin of the valley of the Wannon is ut 
area occupied by igneous rocks, classed as " tiup," of the tnii 
position of which, whether Older or Newer Plutonic, intrusive OT- 
contemporanoous (i.e., the lava flows or injected sheets of their' 
period), nothing is known. Their character varies in different 
localities. A few miles eastward from Gaaterton, a dark dense 
greenstone is eipoaed in the bed of McPhersori'a Creek. It is 
in some places undecoraposed, and in others decomposed to & 
condition resembling the decomposed Older Volcanic rocks of tha. 
Tertiary period. On the slopes of the hills above, the rock appeai«') 
slightly decomposed, and exhibits a curiously-blended mixture 
of portions of ft dense aphanitic structure, with others of a porooB 
vesicular character, almost resembUng pumieestone. 

North of Coleraine, one variety is a dark, dense, flinty, tind 
exceedingly fine greenstone or Labradorite diorite. Another 
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deacription ib wuckenitic in character, resenihliiig an altered 
volcanic mud, rather soft, yellowish-brown, and highly felspatUic, 
with porphyritically-inoluded crystala of felspar; sometimes 
Teaicular, and containing in tbe Teeicular cavities a soft, greenish, 
clayey material (lithomarge), In its composition, this rock also 
approaches phonolite. 

At the Nigretta falle, on tho WannoD, the rock is a typical 
quartz and felspar porphyry of a brownish-pink felaitie base, with 
embedded quartz and felspar crystals. At Cavendish, further 
eastward, is a dark green ish-grey, dense, and much-jointeU rock, 
apparently aphanite, not showing porphyritie structure, From an 
outcrop in the Grampians, coloured as granite on the Geological 
Sketch-map, specimens were obtained and described, in Mr. A. 
It. C. Selwyn'a catalogue of 1868, as granitic felspar -porphyry, 
Byenitic porphyry, and feistone porphyry, So little is known of 
the geology of this portion of the colony, that a mere reference to 
the lithological character of the rocks is all that can at present be 
given. 

On the northern slopes of the Barrabool hills, west of Geeiong, 
occurs a small area of what Professor Ulrich describes as " diallage 
rock"— a coarsely -crystal line granular mixture of light-green 
Labradorite, and of a dark-green augitic mineral, which, according 
to its Instre and cleavage, is diallage. This Plutonic mass is sur- 
rounded by McBoaoic rocks, hut is evidently older than the latter, 
from the fact of beds of Meeozoic conglomerate in the neighbour-. 
hood containing pebbles of the diallage rock. On account of its 
colour and susceptibihty to fine poUsh, this rock is well-adapted 
for ornamental purposes, though very hard to work. 

The general conformity of the ordinary Lower Plutonic granites 
to one type, in all parts of the world, indicates a general similarity 
if not a synchronism of the conditions under which they attained 
their present structure. Their varieties in character and arrange- 
ment of mineral constituents may be justly attributed to— (1) local 
differences as regards the presence of those constituents in greater 
or less quantity, the eotire absence of some of them, or the addi- 
tion of other than the common minerals; (2) differeueea iu 
the character of the sedimentary rocks, wliich, in a trans- 
muted form, have entered iato the composition of the granites; 
(3) diffijrences of heat, rates of cooling, intensity of chemical and 
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hjdrothermal action, and of depths below the surface and pres- 
sure of superincumbent rocks at which these agencies were in 
operation. 

The greater number of varieties of mineral composition and 
arrangement, hardness, general structure, texture, &c., noticeable 
in the trappean or Newer Plutonic rocks, indicates^ that the con- 
ditions under which these combinations were effected, and the 
cooling of the rock-masses took place, were more varied than in 
the case of the Older Plutonic granites. 

Re-fusion may also in many cases have caused an altered 
arrangement of component minerals. 

Leaving the remaining groups of igneous rocks for consideration 
in connexion with the sedimentary deposits of the geological 
epochs to which they belong, the Lower Palaeozoic and meta- 
morphic (azoic) sedimentaiy rocks will now be noticed. 



CHAPTER IV. 

Lorcffr Paleozoic and Metamorphic (Azoic) Rocks. Silurian 
Rocks — -geographical extent. Metamorphic Rocks — areas 
respectively occupied by Loreer and Upper Silurian Rocks; 
leading characteristics; general theory as to origin and 
metamorphism. The Metamorphic Mocks — " regional " 
and " contact" Unaltered Lomer Silurian Rocks— fossils. 
Upper Silurian Rocks— fossils. Physical Character of 
Silurian Country. 

The Lower Palieozoic rooks of Victoria have been referred, 
upon clear pulieoiitological evidence, to the Lower (Cambro) 
Silurian auii Upper Silurian groups. 

With the exception of the Lower Cambrian and Laureutian 
Tocka, BOt yet recognised, and probably not occurring in Victoria, 
the Silurian strata are the oldest in the world that contain 
Tostigea of organic life. As surface or UDderljing rocks, they 
occupy the greater part of Victoria, fi-ora the soa coast to eleva- 
tions oxceediug G,Of)U feet; from the GleneJg to Cape Howe, and 
from Cape Liptrap to the Murray, constituting the prevailing 
rook-formation of the Main Divide mountain system, and the bed- 
rock of the entire colony, except iu places where the subjacent 
granites and trappoan rocks have been laid bare. Takicg a 
broad view of the Silurian system generally, it may be described 
ae extending acroaa the colony in a series of sharp alternate anti- 
clinal and synclinal undulations, which form the minor folds of a 
great, more or less broken, synclinal trough, whose edges appear at 
either aide of the country. 

lb. A. B. C. Selwyn estimated the total thickneas of the aeries, 
allowance for the recurrence of the same bands, at not 
tiian 3o,000 feet. 
The metamorphic rocks of the aeries, among which may pos- 
sibly be representatives of the Lower Cambrian and Laurentian 
groups, appear between the Waanon and Glenolg Rivers westward 
of the Grampians — where tliey constitute the rock -formation of 
the western terminal spurs of the Main Divide — and in the north- 
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> district, whers they prevail over a consiilerablff] 
(1 Diviile and the country exteniling north and 



eastern or Oidrc 
length of the Mai 
Bonth from it. 

In both the iliatricta mentioned, the rocks of this grotip are 
metamorphic as regards lithological character, and are so indicated 
upon the Geological Sketch-mRp; but, in geological age, they 
appear to be Sihirian as regards the period of their deposition. 

The normal or unaltered Lower Silurian rocks form the pre- 
vailing rock -found at ion from weatwanl of Ararat to a line from 
Melbourne to Heathcote; eastward of that line, and occupying 
the central eastern portion of the colony, appears the Upper 
Silurian group, the rocks of wliich are clearly recognisable aa far 
eastward as a lino from the Macaliater River, in Gippalaud, to 
Benalla, The Silurian rocks eastward from that line have been 
indicated on the Geological Sketch-map as Lower Silurian, but, 
from recently acquired information, it appears likely that they are 
Upper Silurian aa far eastward as Beechworth. 

The leading characteristics of the Lower Palieozoic rocks 
generally, in Victoria, are the normal N.Wiy. to N.N. Ely, strike, 
and the high rate of inclination of their bands, caused by the crump- 
ling or folding process to wliich they were subjected at a date 
probably not long subsequent to their deposition, as we find nearly 
horizontally-bedded rocks of Upper Palteozoic age resting on the 
abraded up-turned edges of the nearly vertical Silurian strata. 

A statement of the generally- accepted working theory as to the 
causes of this plication of the strata, and of other processes to 
which they have been subjected, may not be out of place here, 
for though familiar to most students of geology it may not ba so 
to the general reader, and will serve to elucidate foregoing remarks 
fts to the Plutonic rocks. In the first place, it ia now recognised 
as a demonstrated fact that moat stratified rocks are the results of 
the gradual deposit by the sea of matter once held by it in suspen- 
sion or aolution, and originally derived from the disintegration of 
pre-existing formations, and that, by the action of pressure, heat, 
cbemieal agencies, or whatever eauaes, these once soft and j 
sediments were indurated and converted into rock-masses, 
results of astronomical and geological investigations combki< 
justify the belief that this earth was onco in a state of i 
heat, and in the condition of a molten mass environed by i 
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atmospliere of gases; tliat, gradual cooling, alloweit tbe coDsolida- 
tion of a cmat on the surface of the heated bulk, the formation of 
water by the union of its component gases and the descent of that 
water on the surface of the globe; and that from that epoch com- 
menced the work of deposit, denudation, and re-distribution of 
particles by aqueous action that has ever ainae beeu in unceasing 
progress. 

Whether this theory be correct in detail or not, it is very evident 
that a hardened crust of some description, on which the first 
aqueou sly-deposited strata could he laid down, must have been in 
existence, and that during the formation of these earliest sedi- 
mentary rocks conditiocB were present which do not obtain with 
regard to the deep-sea deposits now in progress. 

The earth was still in a highly-heated condition and of greater 
bulk than now; the water probably covered the entire surface, and 
intinned for a long time after its descent in a i^tate of ebuJition, 
and was charged with a greater amount of mineral matter in solu- 
tion than at present. Natural chemical operations were in a 
etate of intense activity, aided by the heat. 

With the abatement of the surface-heat, the lower forms of 
marine organic life appeared, and their remains were entombed in 
the accumulating sediments which were laid down by the water 
Dpon the then thin crust of consolidated igneous matter. 

The oontiuued cooling process, and the reduction of the ex- 
panding heat-force which, had partly counteracfod the attraction 
of gravity, caused general shrinkage of the interior bulk; the 
hardened crust, with its superimposed sedimentary layers, drawn 
centrewards by the attraction of gravity from within, and impelled 
by the atmospheric pressure from without, naturally sank, and in 
sinking became folded and corrugated through having to occupy 
a decreased area. It is easy to conceive that during such process 
the downward undulations of tho sedimentary layers, together 
with the igneous crust on which they had been deposited, would 
be lowered to within the inflaeuce of the heated nucleus, by which 
the lower edges and folds of tho broken and plicated strata would 
be fused, partly absorbed, and altered. Distinct from the heat of 
the internal mass, which would only radiate a short disbmce, heat 
generated by motion would no doubt play an important pa]'t IP 
^''Cting alterations of the plicated strata. Such movements wei 
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probably repeated from tirae to time at different pnrts of the 
earth's gurf&ce as further coiitractiouB took pkee. Besides move- 
mentB resulting from general shrinkage, extraordinary presatirein 
one locality would cause an upward thrueting in another of the 
heated material, and the local transmutation thereby of the aedl- 
mentary rocka at the planes of contact. 

It is very improbable, as pointed out by Professor Jukes in his 
Manual of Geology, that the primeval igneous crust consisted of 
granite, aa such a rock would not bo formed at the surface. Every 
vestige of the original crust has, in all likelihood, been re-melted 
and transmuted along with portions of the superincumbent sedimen- 
tary layers, aud the granite, as we now see it, is the product of the 
melted mass which has cooled at great depths beaeatii the surface. 

The above is at present the generally -accepted explanation 
to the causes of the higbly contorted and plicated state of t 
Older Palaiozoic rocks, and the previously noticed phenomenon 
their being frequently found resting on edge against the graait| 
as well as their metamorphoaed condition for a greater or lej^ 
distance from their planes of contact with the latter. The outlii 
of the theory as to origin liaving been ao far enunciated, the Xiow 
Palseozoio strata will now be more fully described, commencil 
with the metamorphic stratified rocka or crystalline i 
classed as Azoic from the non-discovery hitherto of any fossils J 
their layers, though probably of Silurian age as regards t 
deposition, 

Metamorpiuc Eockb asd Cbystallike Schists. 

Strictly speaking, all rocks composed of consolidated sedinienta 
deposits have been metamorphosed, inasmuch as their present o 
dition is very different from what it was when tbey were first la{ 
down in the form of ailt, mud, sand, gravel, or precipitates, < 
to the long-continued influences of pressure, heat, hydrothera 
aud chemical action; but the term "metamorphic" is here spectB 
applied to certain groups of rocka, which appear to be th 
products of tliis process of transmutation, and may be divided, 1 
indicated in Mr. A. W. Howitt's work, previously referred to, i 
two kinda, " regional " and " contact." 

The character of the iirst appears to be the result of Iom 
continued metamorphic action radiating for great distances e 
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gradnally decroasiag outwards from central foci. The precise 
nature of this action is still a matter of conjecture, but it appears 
to have been different from that whieh operated in the case of 
the " contact " metnmorphic rocks in which the metamorphiam is 
more local, and is evidently the etfect caused by intrusions or 
invasions of the sedimentary strata by igneous masses, the influence 
of which did not extend very far and did not coutiane long in 
Botivity. 

In fact, it is frequently found that the " regional " metamorphic 
rocks have been further and subsequently affected by " contact " 
metamorphism at their planes of junction with the granites and 
trappean rocks- 

Of the two great "regional" metamorphio areas in Victoria, 
one is situated between the Wannon and Gleiielg Rivers, west- 
ward of the Grampians, and includes the western terminal spurs 
of the Main Divide ; the other is a tract of country in the norlh- 
eastem portion of the colony lying to the eastward of the Dividing 
Bange between the Ovens and Kiowa Rivers, and of the heads 
of the Dargo River, extending southward of the Main Divide 
into the Tambo Valley, and eastward and northward to the 

The rocks of the western area have been but little examined, 
and are very much overlaid by newer deposits ; they occur exposed 
between the Wanoou and Gleneig Rivera, north of the former and 
south and east of the latter. They surround a central mass of 
granite, to which their relation has not yet been studied, and con- 
sist principally of brown and white Hue to coarse quartzites, some 
fiurious forms of granulite, foliated micaceous, talcose, chloritic, and 
aerpentinous schists, and schists composed of alternatiug quartzose 
and argillaceous laminje. They are unconformabiy overlaid by 
4he Upper Palscozoic sandstones of the Dundas Range, and are, 
therefore, clearly of older date, probably Silurian, or possibly 
of the Cambrian or Lauren tian series. No actual gold workings 
llsve been opened, though small prospects of gold are reported to 
have been obtained from both alluvial deposits and quarts reefs 
Within this area. 

The metamorphic rocks of the North-Eastern district, which 
includes Omeo and other gold-fields, a3ord fine opportunities for 
,tion, as gradations of slmcture are in many places easily 
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traceable on the Burfa«e, unconcealed by any overlying deposit. 
The best observed tract is that extending from the Dargo Hiver, 
near Mayford, to Mount Bogong in oue direction, and to Oineo 
and Mount Tamho iu another. On the wostem elope towards, and 
in the l>ed of, the Dargo River at Mayford, are the nonnal Silurian 
slates and eandetonee. 

From Mayford, towards Bogong or Omeo, a gradual change is 
obseiTable in their character ; the ordinary rocks pass into silky 
micaceous schists, followed by mica-schtst, gneiss, and gneissose 
granite, finally merging into granite which yet shows occasionally 
a rudely-schistoHC structure, indicative of its ha^;ing been once in 
the form of a stratified rock. Similar gradations are observable 
all round this metamorpliic area, of which the Bugoog Kange is 
the most central granitic mass, though there are several other 
granite tracts that appear either to represent foci whence radiated 
the metamorphic influences which altered the Silurian rocks, or, at 
all events, to be the extreme results of these influences. Besides 
the common gneissose and micaceous schists, there are in the 
Cliiltern, Omeo, Bogong, and Mitta Mitta districts many varieties 
of metamorphosed stratified rocks, such as nodular micaceous 
schist, cUiastolile schist, leptynite Bchtst containing garnete, 
hornblende schist, and others. 

In some cases, the altered rocks agree in general direction of 
strike with the unaltered, hut in others the former show extreme 1 
contortion, and their strike varies greatly from "the normal direetioiu,J 
Numerous dykes and injected masses of porphyry, greenstonaj 
diorito, &c., showing groat diversity of mioeralogical Btructurfl 
intersect the metamorphic schists throughout the Omeo distriQiJ 
At Stawell, and near Ararat, occur small belts, about a mile iifl 
width, of metamorphic rocks, consisting — as described by Mr. 1 
Norman Taylor in his report upon the Stawell gold-field (Geo>J 
logical Progress Report, No. 11.) — of foliated gneissose schistB 
passing into true gneiss, composed of alternating layers i 
felspar, hornblende, and quartz, hornbleudic gneiss, and othe| 
varieties. 

Some of the metamorphic rocks of Stawell, however, differ) 
very little from the norranl Silurian strata, except in being genei 
ally more indurated and foliated than the hitter. 
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" Contact " Metamorphic Eockb. 

The " contact " metamorphic rocka occupj zones fringing nearly 
all the granitic ami trappean rock-mttesett where the Palaeozoic 
seilimentarj' rocks come in contact with them, and sometimes, 
though by do means inv-uriably, form the walls of dykes or other 
smaller igneous intrusions. 

They very much resemble the "regional" metamorphic rocks 
a Tariety of lithologieai cbaractor, and exhibit the eame grada- 
tions of metamorphism, though generally iu a. less degree, and 
with the exception that distinct boundary linos can be traced 
between them and the granite, when the latter is invasive or 
intrusive, as dtatinguished from the " regional " metamorphic 
granite. 

The alteration often does not consist iu more than induration, or 
ihs addition of a spotted or slightly nodular character to ^e 
ordinary Blates, &c. For instance, hand specimens from the 
juootion of the granite and the Silurian rocks at Maldon can be 
obtained, shoiviug granite on one side and indurated siliceous 
sandstone on the other. Near the contact of the trappean rocka 
of Mount Camel, north of Heathcote, the Upper biluriau rocka 
have been metamorphosed for a short distance to the conditions of 
jasper, chert, quartzites, and siliceous breccias. 

Breccias, made up of angular fragments of altered saudstoue 
cemented by siliceous matter, occur in places near the granite 
Loundary at Beechworth. At the junction of the trappean 
and Upper Silurian rocks near Lillydale, the latter are much 
indurated and iu some places metamorphosed into schistose 

At the head of the Buclian is a metamorphic calcareous schist 
acutely corrugated, and on the Limestone River occurs a band of 
nearly white marble. The "contact" metamorphism rarely ex- 
tends more than half a mile, sometimes only a few yards, from the 
granite or trappean boundaries, aad in some cases has evldeully 
been efiected at a date subsequent to that of the "regional" 
metamorphism, as shown in Mr. A. W. Uowitt's work, already 
referred to, on the geology of Swift's Creek. It may, therefore, 
be justifiably assumed that there were two phases of metamorphic 
actioc operating at diScrent epochs. 
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In the earliest of these, the action was long- continued and far- 
penetrating in ite effects, and the blending or transmutation of tho 
sedimentiirj rocks with or into the plastic igneona maBaes whiuh 
subsequently cooled in the form of granite took place hy elov 
gradations of change. It is doubtful, too, whether the heat 
evolved from those igneous maaseB or was locally engendered hf 
the movements of the rocks themselvea. 

In the second, or later, era of metamorphism, the trans muta,tioDi 
of portions of the stratified rocks into granite was more completo*- 
but ceased at more abruptly defined limits, while the partial 
morphism of the former did not extend very far outside the limit 
of complete transmutation. 

Further investigation would no donbt show the existence 
various stages, intermediate between "regional" and "contact' 
metaraorphisin, among the zones of altered rocks surroimdii 
granite areas lying between the eitreme eastern and westei 
metamorphic areas of Victoria; but, in the present state of knot 
ledge, only the two distinctions already noted can be indicated wil 
any degree of certainty. 

The Unaltered Lower Silurian Rocks. 

The term "unaltered" is here used simply to designate th< 
Silurian rocka which do not exhibit in their structure the diatiiu 
effects, as above described, of "regional" or "contact' 
phL.m. 

The Lower Silurian rocks prevail westward of a line from Mt 
bourne to Hcaihcote, and form the "bed-rock" or "bottom" of i 
the western gold-fielda. On these rocks lie the most extensl' 
and richest auriferous gravels, and traversing tbem are the gold 
bearing quartz reefs to which Victoria so largely owes her presei 
high position as a mining country. 

The leading petrographical features of the Lower Siltiri 
strata are their frequent sharp alternate anticlinal and syaclu 
undulations; their strike, whieli varies in bearing from 
north to nortli-west, and the invariably high rate of easterly 
westerly incline of the bunds at angles iri from 60° to vertioi 
Lithologically, sandstones, slates, shales, and mudstones constitnt 
the prevailing types, and of these there are many varieties 
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blondiogB of character. The sanUstoaes vary from hard, deiiso 
qnartzoee, and grittj, fine ami coarse to soft and argillaceous, the 
latter being usually more or less mieaceoua. They occur in bands 
of from less than an inch to many feet in tliitkness, sometimes 
distiQCtly schistose and sometimes exhibifing little or no lamination. 
At the surface their prevailing colours are ditferont shades of 
brown, grey, and Bometimee yellow, reddish, or nearly white; but 
below wnfer-level they are dark-grey or blue, sometimes nearly 
black, and occasionally of a dark-grceniah colour. Bands of hard, 
dense quartzite or quartz-rock, as distiaguished from vijin quartz, 
are frequent in the Whipstick country north-west from Sandhurst, 
ODd also, moro rarely, in oth^r localities. Conglomerales and 
breccias are very rare. A slate conglomerate is noted on one 
I of the geolou;ical maps as occurring at Spring Plains, ^nd a 
qaartzite breccia is described by Professor Ulrich as occnrring 
near Maldon, 

The elates, shales, and mudslones exhibit as many degrees of 
textnre, hardness, and colour as the sandstones. At the surface 
\ they are usnalJy white, grey, brown, yellow, or reddish, occasJou- 
I ally mottled, and sometimes dark-grey or blue. Like the sand- 
I fltonee, they are almost invariably dark-coloured below the water- 
level. The cleavage and the stratification of the argillaceous 
layers are generally identical, but cleavage distinct from stratifica- 
tion is not nncomnion. 

So limestone bands Lave yet been found among the rocks of the 
I^wer SUurian series in the area west of Melbourne. 

The characteristic and most abundant fossils of these rocks ore 
graptolites (polyzoa), on the evidence of which Professor McCoy 
was enabled to co-relate the Victorian Lower Silurian strata with 
those of Europe and America. 

In the commencement of the lirst decade of his Prodromus of 
the Paleontology of Victoria, Professor McCoy mentions that, 
shortly before coming to Victoria, he found in the ainte-roeke of 
the old Roman gold-minea in Wales exactly the same species of 
graptolitea as those which he aubaoquently discovered to be the 
most common in the gold-field slates of this colony; and that 
the Romans had in Wales obtained gold from quartz-veins 
traversing alatea of exactly the same geological age as those of 
Victoria. 
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The eeriea kaowu as Ihe Llautleilo flugs hjkI the Bala rocks ia 
Wales are those to which our Lower Silurian rocks are shown on 
palfeontologicttl eTideuce to be the eqiiivalenta. The variouH 
species of the family Graptolitidai which have beeu found ia 
Victoria, and have been fignred and described by Profesflor McCoy 
in hia decades, aro as foUowd ; — 

Phyllograplua folium (His. sp.), var. typus (Hall) ; Diplo- 
gra^sue m,ueronatus (Hall sp.) ; J), pristia (His. sp.) ; J). 
rectangularis (McCoy) ; D. bicomU (Hall) ; Didymograpaus 
JrtUieotus (Hall sp.) ; D. quadrihrachiatua (Hall Bp.) ; D. 
bryonides (Hall sp.) ; S. octobrachiatus (Hall ap.); D, Logani 
(Hall) var. Auatratis (McCoy); D. extensfis (Hall); D. oaducetu 
(Salter); Diplograpsus palmeits {"Barr B'p.); Cladoyrapsus ramoms 
(Hall sp.); C. furealua (li&ll ap.); Didywagrapaua graeilia; D, 
Thv/reaui (McCoy) ; D. Headi (Hall). The only forms other 
than graptolites, mentioned by Mr. A. R. C. Selwyn in his 
essay, are Symenocaris, SiphoiUreta (S. mioula, McCoy), and 
Lingula. 

The Silurian rocks occarriag eastward of a line from the 
Macalistor Kivcr in Gippslaiid to near Benalla, have been pro- 
viaionally referred to the Lower Silurian groups, partly on account 
of their lithological resemblance to those westward of Melbonrne, 
and partly because of the discovery in the slates at Doddick, 
near the New South Wales houudary line, of a graptolita 
{Diplograpsvs rectangularis, McCoy), and the identification 
at Guttamurrh Creek, Snowy Eiver, of Didymograpsus ca- 
duceus and JDiplograpaua foliaceus in vertical slates capping the 
granite. 

It is very likely, however, that the ctassiflcation of the rocks of 
a considerable area ia the eastern part of the colony may have to 
be altered from Lower to Upper Silurian, if further investigation 
tends to corroborate some slight evidence already obtained in that 
direcdon. 

The ranges consisting o£ Lower Silurian rocks in the western 
portion of Victoria nowhere greatly exceed 2,000 feet in altitude, 
and are generally much lower. The axial line of the Main 
Divide is nearly at right angles to the strike of the rock layers, 
while the coursea of the principal rivers and creeks, and of the 
leading spurs separating them, approximately conform to the latter 
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general directiou. Portion of tlic eaatera (presumably Lower) 
Silurian area is more alpine lu itB character ; tlie two highest 
mountaina, Mounta Hotham and Feathortop, oxceed 6,000 feet in 
lieight, and the features of the country arc on a grander scale than 

the western aiea, where the character of the Lower Silurian 
r&ngea is marked, by a general s 



Ui'i'ER Siltjbian Rocks. 

Ab before stated, the provedly Upper Silurian rocks occupy the 
Bentral portion of the main mountain system of Vtctoriu, withia 
BQ area of about 100 miles in width, bounded on the wast by a line 
&om Melbourne to Heathcote, and on the east by the Macalister 
iiver and a hne thence to Eenalla. 

The northernmost extension of the rocks of this area ia where 
they slope beneath the Murray Tertiariea, at the extremity of the 
Jlount Camel Range ; and thoir soutberomost exposure, separated 
by an area of superimposed Mesozoic rocks from the spurs of the 
n Divide, but withoat doubt continuous with the latter under 
the Mesozoic rocks, is within a tract bordering the coast of 
rataii liay and Corner Inlet, from Cape Liptrap to the Benoison 
Br, near Foster. About ten miles north of Foster a small 
outcrop of Upper Siluriaa rocks through the Mesozoic strata 
Occurs at Turton's Creek. 

Mr. A. R. C. Selwyn remarks, in his work, that " a considerable 
unconformity certainly exists between the Upper and Lower 
iSilurian groups ; they present difierences in general lithulogical 
character and physical stracture similar to those observed between 
the sajne groups in Britain." 

i^ire, however, that the unconformity here remarked by 
Mr. Selwyn simply refers to their lithological character, as the 
precise lines of junctiou of the two groups have not been so nearly 
aacertained as to enable it to be stated that they are strati- 
^aphically unconformable. 

The undulations of the Upper Silurian rocks appear to be less 
frequent than those of the Lower; the average rate of dip ia also 
a the former, the general rate being from i5° to 80°, though 
.Tertioal bauds are not uncommon. The general strike of the 

Epper Silurian strata is from N.N.W. to N.W., though at Cape 
iptrap and Tnrtoa's Creek it takes the abnormal directioit of 
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from N. liy E. to N. 30° E. Considerable contortion is also 
oLservable in the rocks along the Cape Liptrap coast. (See Fige, 
6 and 7.) 
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These rocfca exhibit as many varieties of texture, colour, and 
hardness as do those o£ the Lower Silurian group, but are usaally 
less slaty than the latter. -^^^ ^ —Plan 

They consist principally steep s urmbani 

of sandstones, mud stones 
rnbhly ehaloa, and, occa 
Hionally, slates or sch sts 
Breccias, conglomerates 
and quart zi tea 

Hoathcote, Anderson's Creek, the Alexandra district, Cape I.i 
trap, and other localities. At Cape Liptrap and Tartoa 
Creek are bands composed of a curious mixture ofTolcanic as 
calcareous Bedimonlary ingredients. Limestones of very excel 
lent quality occur at Lillydale, at Waratah Bay, east from Cap 
Liptrap, and near the Tjars River in Gippaland. Bands o 
nearly white, soTuewhat slaty, saccharoidal marble and grey Bui 
■ crystalline limestones occur among what are supposed to b 
Upper, but may bo Lower, Silurian rooks in tbe Limeston 
River, one of the heads of the Murray; and in the head C 
the Buchan River, on the south side of the Main Divide, is a 
outcrop from beneath the Snowy River porphyries of the pn 
viouely mentioned acutely corrugated metamorphic ealoareon 
schist, the geographical position of which is also doubtful. 

Further north, however, on the Gibbo River, is a similar lime 
stone, in which Mr. A. W. Howitt found a fossil, identified 1m 
Professor McCoy as Paiteopora, indicative of Upper SQuriai 
Other more or less calcareous bauds are not unfrequent. 

Several masses of encrioital limestone, or marble, occur in th 
valley of the Thomson Eiver in Gippaland, and one near tb 
Delatite Eiver, five miles westerly from Mansfield. A strikin, 
aimilarity of lithological character exists between all of thesi 
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and, though far apart, they are in the same belt of rock-baads. 
The limestone is grej to dark bliilBh-grey, compact to crystalline, 
and full of eriuoid stems replaced by carbonnte of lime. On being' 
polished, the 11 meatone baseis nearly black, while thefossilmarkiugB 
are white, giving the atone a somewhat oruamental appearance. 

Among some very imperfect fossils collected from one of these 
patches at Cooper's Creek, near the Thomson River copper-mine, 
Profeaaor McCoy was enabled to identify Faimaitea Goldfussi with 
traces of a lamellLferous coral closely allied to Diplophyllum 
aespitosum, small branching forms allied to Tretiiatopora astiolata 
and Cladopora fibrosa, and one Beyrichia allied to B. lata, with 
criiioid stems of the Actmocrmus type. 

From another patch on the south aide of the Thomson Eiver, 
between Walhalla and Toongabbie, were obtained numerous 
crinoid stems of the Actiiiocriniit type, some traces of Gasteropoda 
apparently of the genus AcrocuUa, but too imperfect for deter- 
mination, and a fragment of Belkrophon. 

From a third patch on the banks of the Deep Creek, a branch 
of the Thomaon, were obtained only indeterminable fragments of 
crinoid atema and the coral allied to Tremalopora astiolata found 
in the Cooper's Creek limestone. 

This imperfect palmontological evidence was, in Profeasor 
McCoy's opinion, closely indicative of Upper Silurian, though at 
one time there appeared grounds for believing that the various 
limestone patches referred to— clearly identical with oue another 
in geological position — might be Devonian, as they appear at first 
sight to fill deep hollows or pockets in the ordinary Silurian 
rocks, and to be the veatigea of wliat were once more extensively 
developed beds of moro recent date. On further examination, 
however, it waa found that they are in reality portions of lenticular 
shaped beds of limestone, of limited extent, intercalated with the 
ordinary Upper SOnrian rocks. When the Upper Silnrian rocks 
were in process of deposition as sediments, isolated colonies of 
varions forma of marine life appear to have occupied portions of 
the sea-bed; these extracted lime from the sea water, and by their 
action beds of limestone were formed over limited areas, while 
around them the ordinary deposits of silt, &c., were being 
occumnlated. They were subsequently covered, indurated, and 
folded with the rest of the Silurian rocks, aud here and there have 
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been laiJ bare Tiy denudation, bo that they present the appearance 
of wedge-shaped vertiuiil maasea of limestone fitting into cor- 
responding " pockets " in the slates. 

In one well-marked instance, near the Thomson River, between 
Toongabbie and Walhalla, a quarry has beea opened in the 
encrinital limestone, or marble, on tiie brow of a ateep hillj down- 
ward the limestone disappears, and nothing but slates and shales 
can be BOen along tiio face of exposed rock below the qnarry. In 
the bed of the creek at the bottom of the hill, and in the same 
line of strike with the large Umeatone mass aboTe, is a small 
isolated vertical lenticular mass of limestone of the same character, 
about a onnple of feet long and one foot thick, thinning out to 
nothing upwai'ds and downwards, and entirely enclosed by the 
slates except on the exposed face. The proof here as to the lime- 
stone being an intercalated deposit, and of the same age as the 
associated Upper Silurian slates, is beyond question. 

On pal iBon to logical eyidonce the Upper Silurian rocks of Vic- 
toria have been identified as the equivalents of the Wenlock shales. 
May Hill sandstones, and Upper Ludlow rocks of England, by 
Professor MeCoy, who has figured and described in his decades 
the following named fossils: — 

Petrasler Smithii (McCoy); Urastella Sclwyni (McCoy); A 
Graptolite — Retioliles Australh (McCoy) ; Trilobitea — Phacopt 
catidatvs (Broog.) ; P. fecundus (Bar.) ; Forbesia euryceps 
(McCoy) ; Lichas Awsfralis (McCoy) ; and Homalonolus Barrisoni 
(McCoy); Leptmna{Leplagomd) rhomboidalis (Wilck. sp.); Trem- 
atospira liopleura (McCoy); T./ofmosra (Hall); Spirifera plica- 
tella (Lin,), var. macropleura (Conrad) ; S. sulcata (His.) ; 
Sprigerina reticularis (Lin. sp.) ; Rkynchonella {hemithyris) de- 
eemplicala [Sow.); ^ucleospira Australis (McCoy); Pentamerus 
Auifralis (McCoy) ; Cardium Gippslandicum (McCoy) ; Ortho- 
ceras (^cifcloceras) Ibex (So\f.); 0. bullalum (Sow.); O.capillosttm 
(Bar.); 0. Lineare (Mnnst.); O. Striato-punclatum (Munst.), 

The general character of the Upper Silarian country ia very 
mountainous, though a great deal of it, especially aronnd Mel- 
bourne, is only moderately hilly or slightly undulating. 

The crest of the Main Divide, from Mount Arnold to the heads 
of the Barkly, a western branch of the Macalister, maintains an 
average elevation of over 4,000 feet, and consists, as do most of 
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the branch range systems on either side, entirely of Upper Silu- 
rian rocks. The descents from the Main Divide and its leading 
spara. into the creeks and rivers are very abrupt, and sometimes 
precipitous; a very dense and luxuriant vegetation, consisting of 
large Eucalypts, the various scrubs, and tree ferns, is found wher- 
ever the depth of surface soil and rubble and the climatic condi- 
tions are favorable, especially on the south side of the Main 
Divide, in the heads of the Yarra, the La Trobe, the Tanjil, and 
the Thomson Rivers. 
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CHAPTER V. 

Middle and Upper Palceozoic Rocks. Snowy Rioer Par- \ 
phjnes — c/iaracter and origin; scenery. Middle DetoniaitM 
Rocks — limestones, fossils ; Bindi and Btichan Umeatot 
igneous beds of tlie Buchan group; Mr. A. W. Howitt 
remarks; character of Devonian limestone countrtf. T^ 
Tabberabbera Middle Devonian Rocks. Upper FaltsozoiiS 
Rocks. The Grampian Sandstones. The Avon aTUlA 
Macalister Rocks; tke Mansfield beds; the Mount TajH&oA 
beds. Conglomerate of Wild-duck Creek. 

Middle and Upper Pal^iozoic Rocks. 

In this group are included — (1) Certain igneous roeka occur- 1 

ring in Gippsland, und liuown iia tiie Saowj Kiver porphjrieaj.- 

(2) Limestone and otlier rocks occuring in Tarious localities, i 
shown on palseontological evidence to lie of Middle Devonian a, 

(3) A series of conglomerates, sandstones, shales, and conteo] 
poraneous Irappean rocks, some of which can be referred to t 
Upper Devonian period, and others, though also provisionally 
classed as such, may be of later date. 

In describing these three groups il rocks, I avail myself largelj'J 
of the information given by Mr. A. W. Howitt, in his contribution 
to the Geological Progress Reports (iS^o. III., pages 189 to 24\ 
and No. V., pages 117 to 129), and simply give a general synopj 
of that gentleman's observations and coitclusious, though I haTC 
Lad the pleasure of personally examining, in his company, macll^ 
of the country described. 

The Snowy River porphyries constitute a belt which passeB into I 
Victoria from New South Wales, and occupies at the boimdajy \ 
line a breadth of nearly twenty miles, extending between the headfl 
of the Murray, near Forest Hill, and a little to the east of ths I 
Snowy River. The western boundary of the belt includes th6 J 
Cobheras, and runs soulli to near the head of Lake Tyers. 
eastern boundary runs southward, keeping parallel with, sn^j 
slightly eastward of, the Snowy River; and the porphyYiea con-, 
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Btituting tho bolt exteod down to anil ilisuppear under the Ter- 
tiary deposits which Iwrder the coaat on either aide of the Snowy 
;iver mouth. 
The rocks to the oast and west of the belt consist of granite, 
regional,'' metflmorphic sciiists, and Silurian rocks. The 
portion of the belt forma a. mountainous plateau, lying 
between the Snowy River and its western tributnry, the 
Buchan ; and this plafeau has a general slope, from an eleva- 
tion of from -t.OOO to 6,000 feet, near the Cobberas, to a level 
©r about 1,000 feet above the eea, near the margin of the 
le Tertiariea under wliioh the porphyiiea disappear near the 

This genera! slope is not merely due to denudation — though 
hat agency has exercised upon it a certain modifying effect, and 
:as also produced great surface changes in eroding valleys, &c. — 
l)ut cliiefly to an actual dip iu the ancient land surface of the 
I period to which the porphyries belong, as it is found that the 
Lower Paltcozoic rock -foundation on which they rest has a similar 
slope; and that, while at the northern portion of the plateau the 
IJower PaljBozoic rocks constitute from 2,000 to 2,500 feet of 
its base, and the porphyries form the remainder, the former 
paes out of sigbt beneath the level of the rivers near Buchaa, 
-where the latter still reach an altitude of 2,000 feet above 
the sea. 

The bulk of the rocks consists of felstone-porphyries, felstonc- 
taeh and agglomerates ; the lower portions of the series approach 
nearly to tho quartz -porphyries in character, and are more 
compact and porpbyritic than the upper 2,000 feet, which exhibit 
clearly a fi'ugmentary character. The fragmentary portions vary 
Ifrom microscopic dust to several feet in diameter, are usually 
Angular, more rarely slightly rounded, and consists of felstoiies 
*nd qaartz -porphyries of various kinds embedded in a felslono 
Wse. The occurrence of a fragment of wetl-marked granite 
the varieties of felstoues and quartz -porphyries is also noled 
!by Mr. Howitt, who adds, howerer, that he has not observed 
fragments of sedimentary rocks in these agglomerates. In places, 
particularly in the Little River, a branch of the Snowy River, a 
distinct bedded or stratified appearance is noticeable both in the 
fragmentary and in tho more compact and porpbyritic- felatones. 



tliough tbey do not preaeut any evideuce of the action of water ii 
EOrtiag auU orrangmg the beds. (Figs. 8 and 9.) 

Fie. 8. — LlTTLK RlT£B. 




Dip ot beds, N. 15°. 

Some of the higher monntaina rising from the general level 
the table-land arc miirtcil liy centra! masses ot quarU-porphj 
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In the north, the Cobberaa, the Womhargo Mountaiu, and the 
range thence northward to Mount Hothani, and in the south, 
Monnt Tara and Mount Nowa Nowa beloog to this class. The 
general conclusiona arrived at by Mr. Howitt are, to quote his own 
words, that — " The Snowy River porphyries may be regarded 
as a great volcanic sheet, the lowest part of which is seen in the 
Little River and the upper part at the Wombargo uplands. It 
rests upon the Lower Palseozoic foundation, and in placea has been 
let down by faults into it. Its lowest portions approach the 
rtz- porphyries in character, and ia ascending it becomes more 
and more fragmentary." 

n a portion of the district " these great masses of folspathic 
cs seem to lie grouped around a central mass of quartz-por- 
phyries of a somewhat peculiar character." Mr. Howitt proceeds 
to draw " the inference that in the Snowy River porphyries we 
may see the ao cumulations of aah, agglomerates, and lavas, due to 
former volcanic activity ia Palteozoic times," and that " these 
rocks, whose characters are obscure, may well be regarded as 
having undergone such changes that farmer beds of fine ash, or 
. even of agglomerates, may have become structureless rock-masses 
of siliceous and felsitic character," 

The ridge extending from the Cobberas to near Buchan, along 
■which occur the masses of quartz -porphyries, is regarded by Mr. 
Howitt as indicating the line of " a meridional fissure on which a 
Beriea of volcanoes was built np," and the masses of quartz-por- 
phyry as the "denuded stumps of volcanoes round which accu- 
mnlations of felstone, ash, and agglomerate, with felsitic rocks of 
indefinite character are still to be seen grouped." (Fig. 10.) 

From the fact of their being clearly more recent than the 
Silurian rocks, and from their being overlaid in places by the 
Middle Devonian limestones, the Snowy River porphyries may witii 
tolerable certainty be referred to the Lower, or to the lower por- 
tion of the Middle, Devonian period, the limestones of wbrch latter 
epoch will next be noticed. 

It may also be safely inferred that these Devonian lava-flows 
filled, or partly filled, a great trough in the Lower Palteozoic strata 
and granites, and that the sides of that trough rose to a far greater 
elevation than they reach now. The action of denudation has 

w efiect on the porphyries than on their boundary rocka, and 
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reduced the latter to a lower level than the fonner. Some idea of 
the extent of this deuuding action will be couvejed in the retoarka 
on the Upper Devonian rocks. 

The suil yielded by the Snowy River poi-phyrie3 ia usnally poor 
and gritty, though in the flat valleys near the heads of the streams 
there ia a black peaty soil, snpimrtiag a fair growth of snow-grass 
and Bub-alpine plants. The timber and soruba are, as a rule, in- 
ferior and scanty. The scenery generally, however, is by no means 
devoid of attractiveness. The loftier summits are characterized 
by a stem, nigged grandeur, while the lower portions of some of 
the creeks and rivers wind through precipitous ravines and 
canOns, formieg suceessions of pictaresqne waterfalls and deep 
pools. (Fig. 11.) 

One of the grandest views of mountain scenery, and at the same 
time one of the finest examples of the results of denudation to be 
found in Victoria, is to be seen from Tnrn-back Mountain, over- 
looking the great valley of the Snowy River. 

Middle Devonian Rocks. 
Bindi and Buchan Limestones, &a. 

These rocks appear to be confiued to the eastern half of the 
coloBy, and only occur at wide intervals as isolated patches of 
from several square miles to a few acres in extent, occupying hol- 
lows in older rocks. The largest areas of the typical limestones 
of this series are at Bindi, on the Tamho River, and at Buchan, 
at tho junction of the Buchan and Murrindal Rivers. 

The fossils found in these limestones axe described by Professor 
McCoy as characteristic of the Middle Devonian epoch, and some 
of them are perfectly identical with some found in the European 
Middle Devonian limestones of the Eifel. 

The fossils described and figured by Professor McCoy in his 
decades are as follows: — Favosiles Goldfassi (d'Orb.), a coral; 
Spirifera Iceeicostata (Val.), Choneles Australis (McCoy), and 
PhTaffMoce7-assiibtTigomtm{McCoy'),HolluBkB;Aelerolepisornata 
(Eichwald), var. Australis (McCoy), a ganoid placodermatous 
flsh, concerning which Professor llcCoy remarks that it is an ex- 
traordinary circumstance to find in Australia these representativeB 
of the " great ganoid armour-plated fishes " of the genus Aslero- 
lepii, which are amongst the most abundant and striking chaxao- 
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teriatiea of the Devonian roets of Russia, "in limeBtonee of the 
aame age, nnd accompanied bytheeorala anil shells of the Plymouth 
and Eifel limestones of similar age, witli which they are not known 
to occur in England or Germany, and which do not occur with 
them in the Kussian beds." 

The Bindi limestones constitute a patch low down in the valley, 
and on. the east aide of the Tamho Hiver, and occupy a basin iu 
the older rocks, which here consist of granites, quartz-porphyries, 
and indurated Silurian slates. The Tamho River has eroded its 
rse round the northern and western margins of the limestones, 
along their junction with the older rocka, and conaeqnently a 
large portion of the western side of the limestone area has been 
remoTed, 

The dip of the limestone beds which remain is to the south- 
west, or from their eastern rim. 

The fossils found in the Bind) limestones are principally the 
characteristic spirifers, and are very plentiful. 

The Bnchan hmestones occur between the Bnchan and Muirin- 
dal Rivers, near their junction, and occupy a deep hollow in the 
Snowy River porphyries, into which they have been further let 
down by faults. The limestones are dark-blue to nearly black, 
compact, and somewhat thickly bedded, and generally dip away 
ftom the porphyries which encircle tliem. They also show evi- 
dences of Laving been subjected to considerable folding and con- 
tortion in places. Numerous sink-holes occur in thia limestone 
jt; in one place the Mui'rindal River flows into a sink-hole, 
and has for some distance a subterranean passage, re-appearing 
again further down its course. A surface channel exists, but 
-water only flows in it during floods, wlien the quantity is too great 
to escape by the underground passage. 

All the above-mentioned fossils have been found in the Buchan 
limestones. 

Other aimilar but smaller patches of Middle Devonian limo- 
Btone occur — occupying hollows in the Snowy River porphyries — 
in the valley of Basin Creek, eastward from the Murrindali in the 
TaloQg Creek, near its junction with the Snowy River; at Gel- 
lingall, at the jimcliou of the Woolshed Creek and the Buchan; 
at the junction of the Snowy River and the Buchan ; and at 
Butcher's Ridges, near Grelantipy, where there are three patches 



1 



54 Geology and Physical Geography: 

occupying bollowa in the porphyries — one capped by basalt o 
table-land, and two other emaller ones on either side of BatchwV 
Creek. 

All these patches and outliers are similar in lithological chb 
racter to the typical limestones of Buchan, and contain the 
chBraoteriBtic Middle Devonian apirifera found in the lat 

The above-described marine limestones, whose total thickneB9| 
ia estimated at 400 ur 500 feet only, form the upper portion of' 
the Middle Devonian group, which they serve to identify. Thff 
base of the group is composed of rocks of a different characte^f 
which are found underlying the limestones and intervening betweea 
them and the (Lower Devonian) Snowy River porphyries, 

This subject has been ably worked out by Mr. A. W. Howit^ 
from whose notes on the Devonian rocka of North Gippaland,' 
publishediu the Geological Progress Report, No. V., pages 117 and 
following, I extract the following leading observations :- 

The lower beds of the Buchan gronp exhibit a thickneaa <4 
from 700 to 1,000 feet of calcareous tufas, felsite tufas, breccia^, 
&o., between which and the Snowy River porphyriea certaii 
well-marked distinctions are noticeable. As previously shown il 
describing the latter, no traces of aqueous action in their arranga* 
ment can be observed, and the volcanic materials which compoa 
them appear to have fallen, and to have been arranged, on landjf 
whereas, from the base of the Buchan series and upwards to thtt 
unmistakably marine limestones, tlie tufas, breccias, &c., are of I 
character which clearly indicates that their component voice 
and other materials fell into, and mere arranged by, wate 
the particulars given by Mr. Howitt in a number of sections, th« 
lowest beds consist of nnstratified breccia-conglomerates, composed 
of rounded and angular felsite blocks, with fragments of slates a 
sandstones resembling those of the Lower Palieozoie formations. 

Above these occur fine and coarae breccia-congloraerates t 
up of similar fragments and sandstones compoaed of felsitic graini^i 
all showing to a greater or iesa extent distinct signs of bedding. 

A sheet of compact felsite and one of basalt, apparently reprei 
Benting lava-flows, are shown as ocenrring above these in otA 
section given by Mr. Howitt. 

Onthickredbeds.resemblingsandatones.reatthelowestlimeatonei 
above which occur thick yellow beds, apparently either decompoaei 
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felsites or conaolidated feleiiic mud, Tlieso are followed by thin- 
bedded limestones, some of which contain numerous angular felsite 
fragments, deposited either irregularly or in bands : above these lie 
the tldcker bedded compact blue hmestones. The following are 
Tcrbatim quotations from Mr, Howitl's treatise : — 

"The Bueban limestoneH are therefore only partofaeontiniious 
aeries. The lower part of the group consists of coarsely aggregated 
felsitio breccias, the coarseness of material decreasing, but with 
alteraatioQs of texture, in ascending. The deposits also become 
more distinctly bedded, and in places, as at Butcher's Creek, pass 
into or alternate with subordinate conglomerates in which angular 
or rounded fragments of sedimentary rocks are of common occur- 
rence. In all the late and in many of the earlier beds, aqueons 
arrangement is clearly distinguishable. The coarse angnlar bree- 
ciae at the base indicate, I think, a shore line. 

" la all the sections occur felsitic sheets which, as a rule, are 
compact, and are found under conditions which almost always 
that they are of contemporaneous origin. 

" The passage beds ore compounds in varying percentages oF 

lestones and felsitic particles, the latter varying in dimensions 
from mere dust to several inches in diameter. 

The felsitic admixture gradually, or in places, suddenly ceases, 
and the remaining beds of tho group are liien purely limestones of 
the ordinary character seen at Bueban, and characterized by a 
numerons marine fauna of Devonian age. 

» ■ » « 11 ■jjjQ general conditions indicated are, I think, 
; — 1. A sinking coast-line with either marine or littoral 
volcanoes, from which trachytic materials were ejected as frag- 
uitted as flows of lava (f el site-breccias, tufas, compact, 
and porpbyritic felsitea). 

2. Grradual estinction of volcanic activity as indicated hy 
the finer character of the felsito fragments, their intermixture 
with calcareous materials (calcareous felsitc -tufas) and their final 
oessatiou with succession of purely marine limestones." 

Two small outliers occupy respectively small basins at Cowom- 
bat, on the fall towards the Murray, in the north-eastern coraer 
of the colony, near Forest Hill, and at the sources of the Native 
Dog Creek, the head of the Buehan, on the southern slope of the 
Main Divide. In the first of these outliers, the observable strata 



Geology mid Physical Geography: 

consiat of nearly vertical yellowiah and bine thin shales, with some 
bands of calcareoos ahale anU limeBione, reflting on the Snowy 
Kiver (Lower Devooiua) porphyries and altered Siluriao rocka. f 
la the second outlier, the rocks consist of dark shales, ' 
calcareous nodules, and blue compiact limestones, also resting oaj 
the Snowy River porphyries. The elevations of these outUerw| 
above the sea probably exceed 3,000 feet. 

In both places imperfect fossils (corals and small brachiopods)M 
have been found, which Professor McCoy considered to be indioa^J 
live of Middle Devonian age, though probably younger than thsl 
Bindi aud Buchan limestones. 

A patch of Middle Devonian limestone is indicated on thi 
Geological Sketch-map as occurring to the east of the Mitta Mitti 
River, south from Mount Gibbo, but has not been safficientljg 
esamiued to admit of details being given. 

The tracts occupied by the Middle Devonian limeatoaee t 
smoothly rounded and hilly, or undulating, with occasional cliffs 
and scaurs; the soil is of fair quality, well grassed, and supports a 
medium bat thinly-scattered growth of timber. The general 
aspect of the country is park-like, and affords a pleasing contrast 
to the rugged sterile appearance of the encircling mountains. 

The Tabberadbera Shales and Cobankah Quartzites. 

Another group of rocks of Middle Devonian age was found by 
Mr. A. W. Ilowitt to occur at Tabborabbera, at the junction of the 
Mitchell and Wentworth Rivers, where, in black shales, associatoi— 
with limestones, he found the characteristic Spirifera ItEvii 
the Buchan and Bindi limestones. Besides the black shale i 
limestones, there is a series of slates, flinty Bhatos, sandstones, a 
quartzites, apparently belonging to the same group, extendiu 
south-westward from Tabberabbera beyond Cobannah, and over tl 
Maximilian Creek, a branch of the Freestone Creek, running ii 
the Avon River. 

Those rocks have been folded, compressed, indurated, and metlf 
morphosed, and so nearly resemble somewhat altered Silto 
strata that, prior to Mr. Howitt's investigations, they were claasa 
as such. They are, however, according to notes furnished i 
Mr, Howitt, unconformable, and their folding has been ef 
subsequently to that of the Silurian rocks. On the north and e 
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these rocks appear to be bounded by granite and Silurian rooks, 
while on tlie aoutli and weat they pass under the Upper Devonian 
rocks of the Iguana Creek and Maximilian Creek. 

With the Middle Devonian rocka we lose the more conspicuous 
indications of metamorphism, contortion, and folding whiuh form 
euch promitieDt characteristics of the Lower Palieozoio and of the 
losi; described group of the Devonian rocks. 

The rock-bands \a the newer formotiona, including thai to be 
described next in order as Upper Palteozoic, though geuerally up- 
tilted and undulating, are in some cases horizontal, anij have 
nowhere been folded or metamorphosed to the extent observable in 
the older ruck^. 

The Tabberabbera and Cohanoah rocks may 
safety be regarded as Middle Devonian ; they are 
more recent date, and, as above stated, show 
undulation in their beds equal to that observed 
rocks, but are unconformable to the latter, wl 
Devonian rocks of Iguana Creek, which immc 
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them, rest almost horizontally on their upturned and denuded 
edges, showing that, notwiihalanding the close geological relation 



groupa, a very 
sts between the two. 
another of 



between the Middle and Upper Devon ia 
conspicuous strati graphical unconformity exis^ 

In fact, the observed at rati graphical r 
the various groups of Paloiozoic rocks naturally suggest their 
classification in three main divisions — (1) Lower Palaeozoic, 
including Lower and Upper Silurian; (2) Middle Palteozoic, 
comprising the Lower and Middle Devonian; and (3) Upper 
Palieozoic, including the whole series of the Upper Devonian 
rocks and those provisionally classed under the general term of 
Upper Palffiozoic. 

Upper Palaeozoic. 
Under the above provisional heading are hero included the 
Upper Devonian rocks proper, and also the rooks of two large and 
eeveral small areas occurring at wide distances apart throughout 
the colony. In some eases, strati graphical position and lithological 
character constitute the only grounds on which the classification is 
based; in others the fossil flora indicate a range from Middle 
Devonian to Lower Carboniferous. 
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The Grampian Sandatones, in the western portion of the colony, 
conatitnte one of the two large Upper Palaeozoic arens; the ether 
is Bituated partly in North Gippsland, and appears to extend over 
the Main Divide to Mansfield. 

Commencing with the western area, we find the ranges of the 
Grampians eompoaed of a grnup of aandatonea which rest partly 
on granite and trappean rocks, and partly on metamorpbic and 
Lower Silurian strata, 




As no further scientific examination has been made of thstj 
Grampian Sandstones since the publication of Mr. A. R. 
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Selwyn'a work in 1866, I caunot do better than quote tbat gentle- 
nuui's obaerTationa : — 

• ' "A thickuBSB of upwards of 2,000' feet is ex- 
posed in the precipitous escarpments of the Grampians, Mount 
Sturgeon, Mount Abrupt, and the eastern face of the Victoria 
Banges. Tlie lithologiual character of the series, aa exhibited in 
the Grampians, is strictly arenaceous — massive thick-bedded sand- 
stones, with bands of Bandy flags, but uo sluty or shaly beds. 
Considerable varieties occur in texture and composition, from very 
hard siliceous grit and quartz rock, with included pebbles of white 
qaiu-tz (as at Mount Talbot, Mount Arapiles, and the Black Range), 
to hard and soft flne-graiued freestones. The prevailing colours 
are shades of whitish-brown, reddish-brown, and white, and 
rarely brick-red. Much cross-stratification or false bedding is 
observable, but the whole formation has a westerly dip at rather 
low angles, giving a gentle slope to tlie face of the hills in that 
direction, whilst to the eastward the beds terminate abruptly in 
bold rocky escarpments and aluiost vertical cliffs several hundred 
feet ia height. (Fig. 12.) 

" In the Dundas and Black Ranges, the dip of the beds is 
reversed or to the eastward, indicating a synclinal axis between 
these hills and the Grampians, Sien'a, and Victorian Ranges. 

"In some places the beds are seen to rest directly on granite, 
whilst in others they rest on the up-turned and denuded edges of 
the Silurian strata." 

During a very brief visit to that portion of the country, I found 
that the rocks of the Dundas Range form an isolated patch of the 
same character as, and evidently once continuous with, the rocks 
to the eastward. 

The intermediate portions have been removed hy denudation, 
and the subjacent metamorphic rocks have been laid bare on the 
western side of a broad valley, occupied principally by Tertiary 
deposits, which extends from Cavendish to the Glenelg, and 
separates the Dundas from the Sierra and Victoria Rangeii. 

To the north. Mount Arapiles, and several smaller hills com- 
posed of the same rocka, form tolerably lofty isolated outcrops, 
rising abruptly from the level Tertiary country which aurroiinda 
them; and it appears likely that the Upper PalEEOZoic rocks may 
underlie a large extent of the Tertiary tract to the north-west. 
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Tbe general physical features of the ranges indicttte, beyond a 
douht, that the Upper Palteozoic rocks which compose them are j 
but vestiges of a once more extensively developed formaliou, and 
that to long-eoatinued powerful denuding action is doe the 
removal of the major portioo of the series. 

The eastern Upper Palfeozoic area has only been exaouDed at 
its Dorihern and southern portions, near Mansfield, and in Gippe- 
land, respectively. There appears little doubt aa to the rocka o£ 
the series extending eontinuoiialy between the two localitiea and 
constituting a portion of tbe Main Divide, of which a proper 
geological examination has not yet been made. Viewed as a 
whole, this area is in tbe form of a wide strip or belt of about 
100 miles in length, north-west and sooth-east, and averaging 20 
miles in width. The general south-western boundaries of this 
Upper Palffiozoie tract are the MaeaUster River, and its western 
tributary, the Barkly River, on the southern or Gippsland fall of 
the Main Divide, and a line crossing obliquely the upper portions 
and including the heads of tbe Jamioson, Howqua, and Delatite 
Rivers, eastern tributaries of the Goulburn, on the northern slope 
towards the Murray. The north-western and northern boundary 
is formed by the steep Silurian and granite spurs of the Strath- 
bogie Ranges, and the Blue Range, near Barjarg. The north- 
eastern limit on the fall towanls the Murray is approximately a 
■line from the Blue Range between the Broken Elver and the King 
River, to near the head iif the latter at the Main Divide, and 
thence on the Gippsland side, a line to the west of, and roughly 
parallel with, the Wonnongntta or Mitchell River to Maximilmn 
Creek, wliere the boundary line turns eastward and then north- 
ward to Tabborabbera. The rocks of the belt here extend east- 
ward of the Mitchell, and occupy portion of the country on that 
side from Tabberabbera to near Baimsdale. The southern 
boundary is formed by the low-lying Tertiary deposits which flank 
the Upper Palteozoic rocks along an irregular line from tha 
Macalister River at Glenmaggie to the Mitchell River at Iguana 
Creek. 

The Iguana Creek beds are the typical rocks of that group of 
the Upper Palffiozoie division, which has been classed, on good 
evidence, as Upper Devonian, and they are comprised in that 
portion of the great Upper Palieozoic area which extends eastward 
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from Freestone Creek, a branch of the Avon Rirer. Tbe northern 
boundarj of this particular portion \a a lino skirting Maximilian 
Creek, the eastern branch of the Freestone, winding tlience roand 
tho sonth of TeUowman's Nob, on the Crooked River road, and 
thence northward to Tabberabbera at the junction of the Mitchell 
aiid Wentworth Kivera. 

The southern bouudary is, as before stated, formed bj the 
flanking Tertiary deposits as far as Iguana Creek. Tbe Mitchell 
River itself flows approximately along the line of junction of the 
Tertiaries and the Upper Palteozoicrocks, forming tbe south-western 
boundary of the latter from Igaaua Creek to near Bairnsdale, 
whence their north-eastern margin or line of contact with the 
Silurian rocks runs north-westerly to Tabberabbera. From near 
Tabberabbera to Iguana Creek, tbe Mitchell runs between eliSa 
of the rocks of tbe Iguana Creeks group- 

Oataide the eastern margin of tbe main mass, Mount Taylor, 
whose base conaatsof porpbyritic granites, and several other liilla, 
are capped with outliers of these Upper Devoniaa rocks. The 
term "Iguana Creek beds" was adopted, and the reference of the 
rocks to the Upper Devonian period determined, because charac- 
teristic fossil plant-impressions were found in the shales interca- 
lated with the sandstones and conglomerates, which form lofty 
cliffs on either side of Iguana Creek, above its junctiou with the 
Mitchell. Tbe fossil plant-impressions from here which have been 
determined, figured, and described by Professor McCoy, are as 
follows : — Cordailea Auslralis (McCoy), Archceopteris Howitti 
(McCoy) — allied to tbe Canadian Upper Devonian, A. Jackaoni, 
and to tbe A. llibemica of the Upper Devonian of Kilkenny 
and Berwickshire, and SphenopterU {Eremopteria) Iguanenaia 
(McCoy), somewhat differing from, but apparently moat nearly 
allied to, the Sphenopteris Artemesifoliaol the Lower Carboniferous 
rocks of N^orthumberland. 

In an interesting account of a canoe voyage down the Mitchell 
from Tabberabbera (Geological Progress Report, No. III., page 
*fil4and following), Mr. A. W. Ho witt describes the nearly vertical 
Middle Devonian rocks, exposed iu tbe river gorge, as being over- 
laid by very slightly dipping Upper Devonian beds of the Iguana 
Creek group, which, as the river is followed down, gradually slope 
down toits bedj the older rocks pasaing out of sight beneath. The 
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lowest beda of the Upper Devonian group, observed here, appear 
to be bedded felatones, over which lie conploraerateB and sandstones, 
fine and coarse siliceous conglomerates, quartzose sandstones, with 
pebble bands, gritty flags, and reddish sandstoneH. (Fig. 13.) 




Layers above these, as exposed at Iguana Creek and in the I 
Mitchel], at Grlonalladole, consist of variously alternating thick and I 
thin ifiyera of breccia-conglomerate, pebble conglomerate, sandal 
with occasional pebbles, quartz grits, ferrDginoua conglomei 
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sandstaneR, bine and yelluw ehalea, Bomelitaes contaiamg pebbles, 
and thick- bed Jed rubbly red or grey ehales, without apparent 
strati£catioD, and sometimes calcareous, resembling, as remarked 

FlQ. 14.— DiAQHAM OF BeBS AT lutTANA ChEEK. 
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[ by Mr. Selwyn, of similar bands near Freestone Creek, the " corn- 
I Btones" of the Old Red Sandstone series of Britain. (Fig. 14.) 
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It was ascertained by Mr. Howitt aod isyseir that the 

Iguaua Creek bods are continuone to Maximilian Creek, aroond' 

Fia. 15. — MrrcBEUi Eiveb, above Glenalladale, 
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slightly dippingUpperUei 
vonian beds similar to thai 
of tbelgiianaCreeklayera, 
tholoweatbeing conglom^ 
rates and eongtotnarilij 
sandstones, followed byftj 
stone porphyries (conteiq 
poraneoua), above which 
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Freestone Creek quarries, near 
nderlying the Bandstone beds of 



Further westwar i at 
Briagolong, I founJ n si 
the quarries, a few plant 
impressions, among wh h 
Professor McCoy iden 
'tified Cordaites Australis 
CDS of the characteristic 
fossilBof the Iguan'iCreek 
beds. Below the'je are 
gray rubbly shales or 
" cornatonea " like those 
previously mentioned. 

On proceeding north- 
CBBtward from here np St. 
George's Creek, a branch 
■of the Freestone, the fel- 
etone sheets are found to 
Rppear from beneath the 
Baudstones, &c. 

Before describing the 
next point of interest — 
the Snowy BlufE — a short 
ileBcriptiou of the phy^icul 
festureB is adviaable. 

From Mount Hewitt, 
on the Main Divide, a leading spnr trends south-south- easterly, 
And divides the waters of the Mncalister on the west from those 
of the Wonnongatta or Mitchell on the eaat. This spur bifur- 
calea at the easteru end, or loftiest point, of the Mount Wel- 
lington Range, near the trigonometrical station, and the two branch 
leading spurs thus formed embrace the droinoge area of the Avon 
Biver. The Mount Wellington Eange itself forms the first portion 
of the western of these spurs, and terminates at its western 
extremity in a huge blufl, forming a conspicuous feature, visible 
from the Gippsland plabis and Lakes. The spur continues 
westerly, but at a decreased elevation, to Monut Uump, whence 
it turns southerly, and, with numerous alternating high points and 
low saddles, gra^lually descends till it splits up into the numerous 
minor spurs sloping down to the level country between the Avon 
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anii the Macali^^lec. Bbd Cniachaa, another coospiciioas mouDtaio, 
about 2,800 feet in height, forms one of tlie ofiahoota fram this 
spur. The caBtern leading spur from Mount Wellingtouj forming 
tlie divide between the Avon and the Mitchell, has a general 
ea8l-9outh-ea8l«rly trend to Castle Hill, and then tumasonth-south- 
euaterly, miming out in numerous branch epure on the low 
country. 

The Moroka River is a branch of the Mitchell, and heads from 
a broad valley between Mount Wellington and Castle Hill, whence 
it fiowB north through precipitous ranges for the greater parUof 
it9 length, finally turning to the eaat and joiniug the main river. 
A bold lofty spur, starting from Castle Hill, runs north between 
the Moroka and the Mitchell Rivers, and its terminal point before 
descending to their junction ia the Snowy BluflF. At the Snowy 
Bluff a section was noted by Mr. Ifowitt and myself, showing 
over 2,000 feet of well exposed layers, having a slight southerly 
inclination, and resting on the abraded edges of the nearly vertical 
Silurian rocks. Here, again, the lowest beds, immediately oa the 
Silurian, are conglomerates and conglomeritic sandsloneB, on 
which rest quartziferous and porphyridc felsitcs and massive 
bedded felstones, clearly contemporaneous, followed by alterna- 
tions of laminar and rubbly shales, sandstones, grits, rabbly 
mud stones, and eonglomeratea, with intercalated conteraporaaeoua 
layers of basalt (melaphyre) ; the uppermost bed noted is a coarse 
conglomeritic sandstone. (Fig. 18.) 

These Upper Palieozoic rocks constitute the Snowy Bluff, 
Mount Kent, and Castle Hill Range, and the country westward of 
it; the lower eastern slope of the range, towards the WonnoDgatta, 
being Silurian and Granite. 

The boundary line between the .Upper Paleozoic and the older 
rocks, from Castle Hill to Freestone Creek has not been examined; 
but there is no reason for doubting the general identity in godor , 
gicat position of the Snowy Bluff beds with those of Fre 
and Iguana Creeks, which have been shown to be of Uj^ 
Devonian age. 

At the Avon River, where it emerges from the moiitttunoi 
comitry, above its junction with Valencia Creek, occur varyia 
bands of thick and thin bedded fissile, purple, brown, 
yellowieb micaceous Handstonos, and purple or brick-red rabbl^ 
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madstonea, " corn stones," with otLer varietiea of sedimeatary 
rocks, the whole forming a group known as the " Avon Sand- 
atones," in some of the rod and yollow sandstones of which was 
found the Lepidodendron {Bergeria) Australe, figured and de- 
Bcrihed by Profeasor McCoy in the first Decade of his Prodromus 
of Victorian Falteontology. Profesaor McCoy expresses a strong 
opinion as to the Lower Oarboniforona aapeet of this fossil plant- 
impreasioa ; and, from my own ohaervatioos, I am inclined to 
beUeve that the heda in which it ia found are among the upper- 
most of the group, and younger than, though conformable with, 
the Upper Devonian bods of Freestone and Iguana Creeks, It is 
highly probable, therefore, judging from their stratigraphieal 
position, that the Avon Sandstones are— as indicated by Professor 
McCoy, on palseontological evidence — of Lower Carboniferous age, 
or pasaage beds in that direction upwards from the Upper 
Devonian beds. 

At the western boundary of the Upper Palteozoie rocks, on the 
east side of the Macaiister River, near Glenmaggie, their lowest 
beds resting on the Silurian,' are conglomerates, felstones, &c., 
.analogous to those on the eaatorn margin. Between Glenmaggie 
■and Glenfalloch, further up the Macaliater, a tongue of Silurian 
rocka, eattendiug from the main western mass of that group, pro- 
jects into the Upper Palaeozoic area as far aa Mount Hump, oh 
the divide between the Macaiister and the Avon. The lowest 
Upper Palasozoic rocks flanking this Silurian projection on either 
ude are coarse conglomerates and breccias, foiiowed by alternations 
of other forms of sedimentary rocks and contemporaneous traps 
(fejsitos, melaphyros, &c.). Huge masses of coarse dark-red 
breccia-conglomerate are here and there to be seen lying loose 
on the Silurian rocks near the boundary between the two 
formations. 

In following up the Avon River to ita sources near Mount 
Hump and Mount Wellington, I obtained a tolerably plain 
descending sequence of layers from the lepidodendron beds through 
various thick and thin bedded conglomerates, sandetones, and 
eh ales, down to conglomerates (containing boulders of mela- 
phyre) under which lie bedded felsitea and melaphyres, finally 
underlaid by coarse grey conglomerate resting against the 
Silurian. (Fig. 19.) 
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Of the igneous rocks associated with the Upper 
sedimentaiy beds in the valley of the Avon, 

Fio. 19. 

Sketch Section, Bhowiog general sequence of Upper DeTOuiiin rocks alonr 
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tdon made liaa been of too cursory a nature to enable reliable coi 
elusions to be arrived at. 
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In their lithological character they are moat interoating. Those 
{that are unmistakably contemporaneous are principally melapbyrea, 
exhibiting various degrees of alteration, due lo natural cJiemieal 
■action. (Fig. 20.) 

FiQ. 20. 
Section showing apparent aequoncc of beda in head of branch of the Avon 
Rivar S.E. from Mount Hump. 
. Mount Hotnp Creek. 



aSUurlnn. iQnuiltc cB 
and buaha. / Porphyry 
tally by Mr. A. W. HowitI 

In some of theni the basaltic character is still recognisable, 
■while in others the original structure is quite obliterated. They 
eyidently represent the results of the volcanic activity of the 
perigd. Besides melaphyres there are quartz -porphyries, felaitea, 
£c., of various kinda. The summit of the western bluff of tjie 
Mount Wellington Range is composed of fine quartz felsite ; and 
Bpecimena of serpentine and diallage rock have been brought from 
the country lying to the north. The results of microscopic 
examinations made of some of these rocks, by Mr. Howitt, will be 
found in the Geological ProgresB Report No, V., page 144 and 
following. 

Northward from the Mount Wollington Range, in the country 
watered by the Macalieter, and its branches, the Barkly and 
Wellington Rivers, none of the igneous layers have been observed 
in aitu, and tho rolled fragments all appear to have come from the 
Wellington Range. Conglomerates, also, are of rarer occurrence 
and finer in character than in tho Avon valley. 

The prevailing forms are brown micaceous sandatones, purple 
rubbly shales, some bands of hard grey gritty ahalea and flags, 
and a few fine conglomerate bands. 
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A general aouth-e 
the Avon, and in vari 




b Purple rubbly ahaleH. 



usterly dip at a low angle is observable ii 
311B places in the MacaliBt«r valley; but the 
are numerous local exceptioi 
The most abnormal dips as i 
garda direction and rate of ineli 
noted by me are In the Macaliater: 
near G-leneaim, where there an 
red rubhly mudi^tones aad slialei 
on coarse yellowish -brown Banct 
stones, dipping in one place S. 60* 
W. at 88°, and in another, a, ah(jH 
distance away, S, 73" W, at 41' 
The dip obtained furthest north was in the Barkly Rivo; 
close to the western line of contact of the Upper Palseozt^ 
with the Silurian. The former consist here of hard gritQ 
flags overlaid by sandstones and red ruhhly shales dipping S." 
at 8°. (Fig. 21.) 

At the Crinoline, a very conspicnous hill about 4,500 feet 
elevation, between the Maoalistor and the Wellington, the roc 
are nearly horizontal, and Ihe outcrops of the harder beds on eitl 
side of the hill form a succession of cliSs, with steep grassy bIoj 
between, which give the hill the appearanco to which it owes i 
name. (Fig. 22.) 

FlQ. 22.— "The Crinoline." 




From the summit of this hill the same appearances are Tislbl 
in the ranges on either side of the Macalister and Wellington i 
far as the eye can discern ; cliffs and battresses of the hard< 
rock-bnnda fonning nearly horizontal broken contour lines rona 
the spurs of the mountains. The genera! appearance of the moni 
tains and the character of the detritus in tho river bedsindicaJ 
that the Upper Falteosoic rocks of the Macalister extend up i 
and over the Main Divide whence the vartoua sources of the rtvt 
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:e their rise, and are connected with the Upper Palteozoio area 
■of MansfielU, between the Dolatite and Broken Rirers. This, 
,'iowever, eannot bo proved without proper examination of the 
; country being made. 

The general cbaracter of the more mountainnus portion of the 
Upper Palreozoic area is very rugged. Th d k 

frequently flow between perpendicular cliff d h h d p 
rocky ravines, while many of the ridges and b gh p t h b t 
▼ery precipitous sides and craggy bluffs. Tb dip 

in the Avon valley are fairly clothed with 1 g b d th 

hollows supfiort a tolerably dense scrub. Th 1 b w 
a rule, poor and gritty, though in localities h h m 1 phy 
bands crop out there are very small areas of a t 1 biy h I 
resulting from their decomposition. 

The ranges in the Macalister valley are open and grassy, 
steep, and sometimes precipitous, and for the most part thinly 
covered with inferior timber. On the high lands the vegetation 
assumes a aub-alpine character, and is composed chiefly of stunted 
B Crub, heath, snow-grass, mosses, and various herbs. 

The Upper Palaeozoic area of Mansfield is beautifully park- 
Ite in character, woll grassed, and thinly timbered with fair-sized 
idguuiB. The emineuces, such as Mount Tabletop and others, 
ive a tabular appearance, due to the almost horizontal and alter* 
iting character of the rock layers, the harder of which project 
L Bhelf-like contours round the slopes. The prevailing forms are 
hard, gritty, thickly-bedded sandstoue; hard, gritty flags, dense 
brownish flne-graiucd argillaceons sandstones, and mudstones, or 
coTUfitones," similar to those of the Avon. 
This tract is partly hemmed in on the south-west, north-west, and 
north-east by lofty Silurian and Granite Ranges, through which 
ps have been eroded by the streams flowing into the Delatite 
the western, and the Broken River on the north-eastern, side 
of the valley. To the south-east the country rises, and becomes 
Tery broken and mountainous; Mount Bullar, one of the highest 
points, attaining an altitude of 5,800 feet. This part has not been 
properly geologically examined, but it is evident from the boulders 
tnd pebbles of felsite, quartz -porphyry, greenstone, syenite, &c., 
the beds of the rivers that contemporaneous, and, probably, 
ftleo intruHive, trappean rocks are associated with the sedimentary 
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Upper Palfeozoic strata near the sources of the Jamieson, 
Howqua, Delatite, and Broken Rivers. 

From the horizon tally -bedded appearance of the rocks of & 
great bluff, visible at a distance far up the valley of the Kowqaa^ 
I felt justified in aesuming, and so indicating on the Geological 
Sketch-map, the extension of the Upper Palieozoic rocks up to 
the Main Divide, aad their continuity with those of the Macalistev 
country. 

On the ranges between the Jamleson and the Howqua, a 
between the Howqua and the Delatite Rivers, are buge .massea 
of red breecia-cougiomerato resting on the Silurian rocks, near thQ 
boundary of the Upper Palceozoic, in the same manner as in tha 
Avon country. 

The general resemblance to one another of the rocka ia Tarions, 
localities tbroaghout the eastern Upper Palasozoic area justifies 
the geueral provisional reference of the whole series to the Upper 
Devonian period, which the Igiiana Creek beds serve to identify. ^ 

At Mount Tambo, on the Main Divide, occurs a large outlier 
of Upper Palieozoio rocks, resembling, in general lithological 
character, the Avon Sandstones, and containing, according to Mr. 
Selwyn, similar plant-impressions. 

Mr, A. W. Howitt's map, and his aoooaipanying essay on i 
Devonian rocks of North Gippsland, supply the following infoiv 
mation as to the character and mode of occurrence of this outlieri, 

The foundation on which the Mount Tambo beds rest is granite 
on the south. Upper Plutonic quartz -porphyries, &c., on thf 
south-east and west, and metamorpbic crystalliue schists on tb 
north-east. A sniall vestige of tlie Middle Devonian limestone 
of the Bindi group also passes under the Mount Tambo bedsj 
at the south-eastern margin of the latter. 

Ascending Mount Tambo from the north-eastern side, thi 
first layer of the Upper Pal»ozoic aeries, resting on ths 
morphic rocks, is a coarse conglomerate, without any sign of strata 
fication, and composed of rounded fragments of quartzite, quarti 
and indurated slates, with a few boulders and pebbles of siliceotut 
quartz-conglomerate. 

This conglomerate bed becomes finer npwards, and paai 
a coarse red dish -yellow grit with sub-angular fragments of quarts 
and indurated slate, overlaid by a bed of about 50 feet in thicknew 
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of rabblj brick-red or purplish rock, showing little sign of strati- 
fication. On this are sandatones, about 40 feet thick, followed by 
about 120 feet of coarse to fine conglomerate ; then a second bed 
of red rubbly rock overlaid by coarse conglomerate, forming the 
Bummit of the mountain. The total thickness of these beds is 
nearly 1,500 feet, and their dip is south -we sterly at from 37° to 
45°. Following the descending ridge south-westerly in the direc- 
Uon of the dip, the last-men tionod conglomerate ia followed by 
yellowish sandstone and sandy shales, with a covering of eon- 
glomerate. (Fig. 23.) 

A gradual change commences from here; the beds become finer 
and more argillaceous; the dip becomes mora vertical, and is finally 
reveraeil to the opposite direction, when it gradually becomes more 
liorizontal. The beds resting against the granite on the south side 
,Ke flinty ahaiea dipping no rtb- easterly, and slightly metamor- 
phosed by eilicification. The MouDt Tambo beds thus form the 
remaining vestige of a synchnal fold of Upper Paltoozoic rocks 
resting iu a trough or hollow of the Lower Paheozoic sedimentary 
Will igneous rock foundation. 

Mr. Howitt also mentions the occurrence of outlying masses of 
the coarse breccia-conglomerates of this series resting on older 
TDcks in various locahties eastward of the Tambo, on the slopes of 
the Oobberas, and other localities ; also a patch of nearly horizon- 
tally-bedded rocks, resembling those of Iguana Creek, in a deep 
Talley at the sources of the Bem River eastward of the Suowy 
Biver. 

On the Wild Duck Creek, between Sandhurst and Heathcote, ia 
4 patch of conglomerate resting in a basin on Silurian rocks. The 
fige of this conglomerate, wiiether Upper Paleozoic or Mesozoic, 
has not been determined, but Mr. Solwyn describes the character 
and arrangement of the materinla aa being suggestive of a marine 
:glaaial action, i.e., that the fragments composing the conglomerates 
were conveyed from distant sources by icebergs. Olher small 
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CHAPTER VI. 

Conjectures a8 to Geological Hilary in Palieozoic times. 

Lorver Paleozoic formations. Snony River Porphyries. 

Middle Deeonian Rocks. Upper Palaeozoic beds. 

Having so far genorall; described the strati grapliictil relations 
and litliological cliaraeter of the great Palceozoic or primary 
group, which coaaiitutea the rock foundation of Victoria, it may 
be well to venture, as suggestions for discussion, some conjectures 
as to the history and nature of the geological changes which took 
place iip to the close of the XJpper Paleozoic era. The chain of 
evidence is of a rather hrokon character, and many of the theories 
advanced may be refuted when further testimony shall have been 
obtained. Certain data are nevertheless available, which, though 
imperfect, consist, as far as they extend, of ascertained facts. 
The reaeoning on these facts may he incorrect, and the theories 
advanced may ultimately prove nutenable, hut their consideration 
can do no harm, as the discovery and rectification of mistakeB 
form importaut factors in the progress of scientitic knowledge, 
and the advancement by any person of an iocorrect theory, based 
on a few facts, may often lead to the acquirement of sounder 
knowledge, hy iucitiag inquiry for rebutting evidence in the shape 
of further facts and more exhaustive reasoning on the part of 
others. 

The general deductions as to the geographical history of this 
country do not differ, except in minor details, from the concluaioBS 
arrived at as to that of other parts of the world. 

In the first place, wo see that our oldest rocks, the SiluiiaB i 
strata, must have been deposited in horizontal layers to a thick- ' 
ness, as generally estimated, of about 30,000 feet. Great as this I 
thickness appears, it is no more in proportion to the earth's bulk f 
than a thickness of stout paper around a plobe of IS inches in I 
diameter. 'The general character of the Silurian rocks su^} 
that they were deposited in deep water in such broad depressions 
of the earth's crnat as then existed. Their component materials J 
were derived from the wearing away by water of still older I 
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igneous, and perhaps bIso sedimentary, rocks, all vestiges of 
'which in liltt have been ohlitei'ated. Aa shown in a previous 
chapter, it is very improbable that the foundation on which they 
■were deposited consisted of granite sucli as wo now see underlying 
them, the present form of that rock being clearly the result of 
subsequent deep-seated Plutonic action. Asauming as correct the 
theory that the earth was once molten or red-hot, and that it was 
only after it bad BuEHciently cooled that water could rest upon its 
sniface, it la easy to conceive that there would he a vast quantity 
of loose incoherent material, volcanic dust, ash, &c., which would 
at once be taken up and temporarily held in suspension by the 
water whep the latter first settled on tlie earth. Add to this the 
heated condition of that water, the natural chemical and mechanical 
operations which must have ensued, and the length of time they 
continued in action, and the formation of so (comparatively) thin a 
layer — resulting from the re- distribution of pre-existiog matter — 
as the toC^ thickness of all the sedimentary Paleozoic formatioDs 
of the earth's present crust would amount to, is easily accounted 
for. 

Eeeent researches have shown that in deep seas, even at the 
present day, there are frequently vast "mud elouda," the deposit 
of which on the bottom is exceedingly slow, and it may well he 
imagined that the water which first enveloped this earth may have 
for a time been able to hold in suspeusion the materials of all the 
sedimentary rocks now visible. The probable greater bulk of the 
earth, and the larger amount of water on its surface, has already 
been alluded to. 

Consequent ou the diminution of the earth's bulk through 
contraction in cooling, the next processes were the folding and 
corrugation of Ihe layers which had been deposited, their meta- 
morphism, aud luvasioa or partial absorption by molten igneous 
matter. 

There is no reason to believe that these movements, as regards 
the Lower Palscozoic strata, took place simultaneously all over the 
earth, or that they were of a sudden character; they may, for 
instance, have commenced diiring the Lower Silurian period, and 
bare been in gradual progress during the actual deposit of the 
Upper Silurian rocks. The action of regional metamorphism may 
also be regarded aa having takeu enormous lapses of time to 
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nccoiDpIish its offeets, auJ so also the coaaoliilation of the molten 
masses iQLo tlie forms of granite, porphyrj, &c., was no doiibttLe 
work of iucaleulable ages. Noither wns the Plutonic action, o! 
wliich these roolts ar6 the results, confined to one period, for aa 
alreadj showu there is evidence of its occurrence at distinct 
interval;^. It was from the folding and Bqueezlng together of tha 
Lower Palfeozoic rocks that the first rude geographical distribntioi 
of land and water surfaces probably roanlted. The broader anti< 
ehnal and synclinal undulations formed respectively the elevated 
laud surfaces and the depressions occupied hy the aea. Thi«. 
period witnessed the elevation of the general axial line of the 
Australian Cordillera, not as we now see it, iu the form of a narrow 
but well-defined and tortuous ridge, but as a broad elevated 
br-okeu plateau, having no defined watef'shed line, bat forming A 
continuous land surface from Tasmania to New Guinea. 

With the appearance of laud surfaces commenced littoral and. 
terrestrial denudation; the uptilted edges of the rock-bands n , 
abraded and worn down; their entire removal in places caused tli{ 
first appearances of granite at the surfacej-and the formation of 
new rocks began to take place in the aea beds. 

The next great geological development, as far as Victoria la ooni? 
cerned, appears to have been the appearance of the great diain ofi 
■ terrestrial volcanoes, which, as shown by Mr. A.W. Howitt, markal 
the Lower Devonian period in this country, and the ejected laTi 
and ashes of which, though in an altered form, as well as the sittt 
of eruption, are recognisable in the belt of igneous rocks kuowaW 
the Snowy River porphyries. As silready stated, the evidence 
obtained by Mr. Howitt indicates purely terrestrial conditions K 
having accompanied the dcTelopment of this group, and it may ^ 
consequence be inferred that the land was more elevated above « 
level then than it is now, as the terrestrially -formed felsitic a^ 
beds of the Snowy River group can be traced to within a veq 
slight vertical height ahore the existing sea-level. That 1 
mountains attained a far greater altitude than now and have be^ 
subsequently worn away is evident, if such points as the Cobbera^ 
6,000 feet high, be but the denuded stumps of the ancient Tolcani 
cones. This volcanic chain probably resembled, on a smaller scalf 
that now iu action iii the Andes of South America. Its positi<^ 
is worthy of notice, as it includes portion of the present Cordiilerag 
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sad extends southward from wliere the latter now diverges eud- 
denly to the west at Forest Hill directly in the Jinn of prolongation 
of the general course of, the Cordillera through New South Wales 
from Mount KoBcinsko to Forest Hill, and the general hearing of 
the chain from Forest Hill to the mouth of the Snowy would, if 
produced, run through Tasmania. Whether the crest of the land- 
Gurface which once connected Australia with Tasmania was on 
this line or further to the westward is a matter of speculation, hut 
it does not appear unlikely that the igneous belt extended to Tas- 
mania, either as a wholly terrestrial or partially marine chain of 
Tolcauoes, If the former, the conuectiou as a land surface was 
probably severed by denudation early in Middle Devonian times. 
It would he interesting to ascertain whether, in the older igneous 
rocks of Tasmania, the same evidences are ohservabie as those 
.which justify the conclusions arrived at by Mr. Howitt as to the 
origin of the Snowy River belt of porphyries, 

The development of this group must have been the work of an 
immense lapse of time, and it is very likely that, during that 
period, none of the existing area of Victorian land surface was 
under water, so that there was no contemporaneous marine deposit 
in process of formation withiu that area, but rather a removal of 
material by the action of littoral, fluviatile, and, very likely, 
terrestrial glacial denudation, and the erosion of deep troughs and 
channels in the Silurian and granitic rocks. The general principle 
may hare be stated, that in past geological times as now, wherever 
a land surface rose above the sea, the action of denudation was 
constantly removing material from such snrface to the aea, where, 
according to circumstances, it was re-distributed in fresh forms. 
Briefly stated, emergence above the aea implies loss; submergonce, 
aecnmulation. The close of the Lower Devonian period appears 
to have been mavked by a general submergence of the land surface, 
naturally accompanied by encroaching littoral denudation, and the 
erosion of bays and inlets, but without immediate cessation of the 
volcanic activity which had been at work for so long, as evidenced 
by the igneous character of the earlier aqueousiy-arranged Middle 
Devonian heda of Buchan. Finally, the volcanic fires appear to 
have become extinct, and the land to have been depressed to a 
great depth beneath the ocean, in the bed of which the limestone 
deposits then accumulated in the deeper hollows in the older rocks; 
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anil while the EmGatoiiea were'io. progroBB in Bome places, bedi 
a different character — the shales, slates, quartzites, &c., of Tabbt 
ahbera — were being laid down in another. Further eontraotion 
the earth's bnik and other influences caused the uplifting, folding; 
compression, and partial Tnetamerphiara of these oew layei 
whose basset edges were, in their turn, Bubjected to abrasion, ai 
partly denuded simultaneouslj with the still further denudatii 
of the Silurian rocks. These Middle Devonian formationi 
only been identified in the eastern portion of the colony, and 
central portions, or on the southern and eastern slopes of the great 
Lower Palffiozoie mitss. Any rocks of this age that may hava 
been deposited on the western, north-western, and south-western 
slopes have been totally removed by denudation, or, if any vestiges 
do remain, they are concealed by newer formations. 

The striking strati graphical u a conformity between the Middle 
and Upper Devonian rocks has been already noticed ; the former 
are sometimes nearly vertical, while the latter are, in many places, 
seen to rest almost horizontally on their upturned edges. This 
seems to indicate an emergence of the land, and a long continuance 
of terrestrial and littoral denuding action on the Middle Devonian 
and older rocks, subsequent to their plication and partial metamor- 
phism, and prior to the commencement of the beds of the Upper 
Palaeozoic groiip, in which are included the Upper Devonian roeke. 

It has been shown bow the rocks of the Upper Palseozoic divir 
sion are most extensively developed in two great groups — one that' 
of the Grampian sandstones iu the western portion of the colony, 
and the other comprising the belt extending from Iguana Creek 
to Mansfield, in the central eastern district. In his work, pub- 
lished in 1866, Mr. A, R. C, Selwyn indicates the probability that 
these two masses are respectively the western and eastern rem- 
nants of a great anticliual arch of Upper Paleozoic rocks which 
once overspread the whole of the intervening central portion of 
Victoria, but of which all but the two extremities have been since 
removed. In support of hia views, Mr. Selwyn refers to the wes- 
terly inclinatiou of the Grampian sandstone beds, wiih their abrupt 
east-facing precipices on the one aide, and the west-facing preci- 
pices of Timber Top, Mount Wellington, and Ben Cruachan on 
the other, and he also cites the occurrence of isolated patches of 
Upper Palseozoic rocks in the intervening country. At the time 
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this was written, little was known of the geology of the eastern 
Upper Palieozoio belt, and the aspect, at a, distance, of such hills 

Ben Cruachan and Mount Wellington favoured Mr. Selwyn'a 
belief. The results of subsequent investLgations, howover, justify 
a considerable modification of the \:iewa expresaeJ by Mr. Selwyn. 
in 1866, The facts as regards the modes of oocurreuce of ttie 
Upper Paifeozoio rocks are briefly as follows: — 1. The Grampjau 
Bandstanea or western group flanlc and decline from the western 
slopes of the great central Lower Palieozoic mass; their original 
margin of contact with tho latter has been out through by denu- 
dation, and their eastern portion, wherever it may have once ex- 
tended to, has been removed; their lithologi^al character and the 
' dip of their beds has favoured tho development of the precipitous 
character of their eastern faces. 

I. The eastern group occupy a long and deep trough, hollowed 
back far into tho central mass of Lower Palieozoic rocks, which 
form steep margins on all sides but that towards the coast. 

i. The outlier at Mount Tambo occurs similarly, though its 
containing hollow is at a greater elevation thau that of the last- 
aentioned group, and has been cut off at either end by denudation. 

4. With respect to intervening patches, that at Wild Duck 
Creek is at a very low elevation above the aea, and I do not know 

1 single instance where a capping of Upper Palaeozoic rocks 
has been met with on any of the higher mouiitakions country be- 
tween Mount Wellington, in Gippsland, and Mount William, in 
the Grampians, The few conglomerate patches which do occur 
are at elevations considerably under 2,000 feet, and appear more 
nearly related to the Meaozoic rocks, which will be hereafter de- 
, scribed, than to the Upper Palosozoic. 

There can be no doubt whatever that during tlie Upper Palteo- 
zoie epoch -tho country was submerged below the sea to a depth 
not less than 5,000 feet lower thaa it is now, and that previous to 
Buoh submergence terrestrial and littoral denudation had eroded in 
the Granite, Silurian, Lower Devonian, and Middle Devonian 
rocks, the troughs and hollows which were afterwards filled by tho 
TTpper Palseozoie beds. At the same time, there is no reason to 
inter that the entire central rock mass was submerged. 

Considering that the materials constituting the Upper Palffioaoio 
aedimentary deposits must have been derived from the wasto of a 
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laDil surface, QDii that tbat laod surface was evideotly, eepcciallj 
in the case of tJie eaeitcrn group, at no great dtHtuDce, it appc 
far more likely that the mountain masses in the ceDtml and cat 
parts of the colony, between the heads of the Maealister 
Mount Ararat, between Snowy Bluff and Mount Tambo, and eaat- 
ward. from Mount Tambo, wore very much higher than now, and 
projected above the ocean, by whose waters the Upper FalfBozoic 
layers were deposited in the open sea or in the deep inlets 
thereof. 

I do not, therefore, believe that the present Main Divide in its 
central portion, between tho head of the Maciilister and the 
meridian of Me I bourne,, was ever covered by the Upper Palieozoic 
rocks, but it is nevertheless most likely that they flanked the 
southern slopes of tiie mountain mass, anil overspread the entire 
area from the Grampians round to near Wilson's Promontory. Pos- 
sibly Australia and Tasmania were then separated by the ocean, 
aud the Upper Palieozoic layers overlaid Wilson's Promontory 
and the South Gippsland country, and thus formed a continuous 
flanking deposit from the Grampians to the Maealister, bnt I am 
nevertheless inclined to believe tbat a great elevated ridge of 
granite and Silurian rocks still existed, either above water or only 
slightly submerged, extending from the Main Divide approxi- 
mately on the direct course of the Southern Spur, from Monat 
BawBaw to Wilson's Promontory, and thence to Tasmania, This 
ridge may have been already somewhat lowered by denudation in 
the region now occupied by tho South Gippslanil Ganges, and over 
that portion, if anywhere, flowed the waters of any strait that may- 
then have separated Australia from Tasmania. 

Whatever their geological relation, and that is very close, if not 
identical, the Grampian sandstones and the rocks of the eastern 
area are geographically distinct groups, and show ' very clear 
evidence of a diflerenco in the conditions of their modes of deposit. 
The fine to moderately coarse arenaceous character of the 
Grampian sanJatonci, the scarcity of eohglomerate bands, and the 
well water-worn character and comparatively small size of the 
pebbles, where they do occur, coupled with the geographical rela* 
tions of their beds to the older rock masses, all tend to indicate 
that they were deposited at some distance from the coast line of' 
the period in a wide open sea, which then covered a vast area tO 
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' the nortli, south, and west. They were deposited agatnat the 
weBtern, southern, am!, possibly, also the northern, flanks of tho 
great central Lower Palisozoic mountain mass, which had not 
Q then so much denuded as we now see it, and which projected 
above the ocean of ihe period. Tlie eastern edges of the Gram- 
n beds, whieh rested immediately against the older rocks, and 
"Which would naturally have included (he layers of a more con- 
glomeratic character, have been entirely removed. If the patch 
at Wild Duck Creek, near Heathcote, ia correctly classed as 
Upper Palteozoic — of which there is some doubt — deposits of that 
age must have flanked the northern slopes of the older rocks, and 
overlaid a large portion of the area now occupied by the Murray 
tertiaries. 

The rooks of the eastern Upper Paljeozoic area show evidence 
of different conditions in their deposit from those observable in 
the Grampian Sandstones. 

Taken as a whole, the belt of rocks from Iguana Creek to 
Mansfield occupies a deep trough, or long indentation in the oldei' 
ks, which constitute its margins on the west, north, and east. 
!rhe head of the indentation appears to be represented by the Mans- 
Betd valley, and if so the Main Bivide of the Upper Paleozoic 
period was further north than the present one, and probably 
n the position now occupied by the Shrathbogie Ranges. This 
will be further refeiTed to during description of the Tertiary forma- 
The deposit of the Upper Palajozoio rooks in this district 
i restricted latterly within comparatively narrow limits ; the 
proximi^of the land surface oneither side is evidenced by the coarse 
/brecoia'Congloin crates along the edges, and tho character of the 
slant impressions discovered in some of the beds. While they 
were being laid down, the boundary Silurian and granite rocks, 
trhicfa formed the laad surface, evidently reached a very much 
greater elevation than at present, and projected abovo tho sea. 

There would also appear to have been two distinct volcanic 
diati'icts now represented by the most elevated parts of the Upper 
e belt — one in the country lying between the Jamleson 
and King Rivers, north of tho Main Divide, and another on the 
soath, between the beads of the Wonnangatta and the lower part 
of the Macaliater, as the upper portion of the latter river appears 
> contain in its bed no rolled fragments of igneous rock that have 
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come from the direction of the Main Divide, nor do such rocks 
appear in situ far to the north of the Wellington Bange in tbe 
Macaiiater rtrainage area. 

The general geological appearances snggeaC the idea that, at the 
commencement of the Upper Devonian period, a deep flord or 
sound, between very lofty and precipitous mountain rangeB, ex- 
tended inland from the Southern Ocean l.o what are now tbe 
southern bases of tbe Strathbogie Ranges ; the axial line of t.lie 
western range was approximately from the Strathbogie Ranges to 
Wilson's Promontory, and that of tbe eastern from the Strath- 
bogie Ranges to between Bairnadale and the Snowy River, 

The tongue of the Upper Palieozoic rocks, formed by the eg- 
tensiou of tbe Iguana Creek beds in the Mitchell valley up to 
Tabberabbera, seems to represent a minor inlet on one side of 
where the great fiord debouched on the open ocean. 

The land was in process of submergence, and materials washed 
from tbe aides of the fiord, by terrestrial and littoral denuding 
action, were deposited and arranged in its bed; this arrangement 
was probably aided by tidal action, which would exert a powerful 
infiuence in such narrow conUDSs. 

Diiriog such deposit volcanic activity, which had been quiescent 
during the latter part of the Middle Devonian period, agaia broke 
forth and produced the contemporaneous igneous sheets. With 
the sinking nf the land this filling up process, by aqueous deposit 
and lava-flows, was continued to tbe extent of several thousand 
feet, and by the time it was accomplished the mountains of the 
land surface on either side had been greatly reduced in height by 
denudation, though they still rose above the ocean. The deuuda- 
tion to which both Lower and Upper Palaeozoic rocks have baen 
subjected since the formation of the latter is incalculable, and has 
exerted the most remarkable efEoet in obliterating from extensive 
tracts every vestige of the Upper Palseozoic rocks which once 
overspread them. 

The Mount Tambo outlier is apparently a portion of the de- 
posits distributed in another fiord similar to that last described, 
and separated from it by a mounlainous land surface. 

It is not to be supposed that the height of over 4,000 feet, to 
which we now find the Upper Pa Iteozoic rocks in Victoria, represents 
the level to which they accumulated for any considerable distance 
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away from the shore-line of their period. The thickest deposits 
were evidently Accumulated at no very great distance from the 
land surface, whence their component materials were derived, and 
the heds sloped away or thinned out seaward in every direction 
from the flanks of the older rock foundation on which they were 
deposited. 

The beds generally have been comparatively very little affected 
by upheaval or lateral compression, and in many cases their slope 
appears to be that at which they were originally laid down. A 
certain amount of uplifting and compression has certainly taken 
place, but to an insignificant extent compared with what the older 
rocks have been subjected to. 
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CHAPTER Vn. 

Mesoxoic Rocks — Relations between Upper Paleozoic o 
Mesozoic RocJes of Victoria with rocks of Nero SoutA 
Wales. The Bacchus Marsh Sandstones. Mesozoic. Rocki 
of the Wanmn, Cape Otnay, Western Port, and Smith 
Gippaland. Coal-aeama. Fossils. Conjectures as to 
Geological History. 

Before proceeding to describe the Mesozoic rocks it is necessB 
to conHider what geological chaiigea took place previoHS to t 
formation, and subsequent to tbut of the Upper Devonian. 

With the exception of those beds of the Avon Sandstones which 
contain Lepidodsndron, and which have been shown to be veiy 
slightly, if at all, removed from Upper Devonian, no rocks baTS 
yet been found in Victoria that exhibit any kinship to the true 
Carboniferous rocks. No fossils have been found in the Grampian 
Sandstones, and it is possible they may be the equivalents of the 
New South Wales Carboniferous rocks; as before stated, they hav* 
been provisionally classed, oit stratigrapliical evidence, under thd 
general term of Upper Palfeozoic, along with the Avon Sand- 
atones and the Iguana Creek Upper Devonian beds. Tlie geolo^ci 
position of the New South Wales coal measures, whether Palsozoiq 
or Mesozoic, was for a long time a disputed question i 
geologists, hut the weight of evidence is now almost entirely ii 
favour of their being elaaaod with the true Carboniferous (Uppei 
Palffioaoie) series. 

Their equivalents have not been identified as surface rocks any* 
where in Victoria, and if they occur at all {still assuming tJ 
Grampian Sandstones as older than tbey), it must be beneath tl 
Mesozoic or Tertiary Ueponits. 

There appears to he a general consensus of opinion that the Xei 
South Wales Carboniferous rocks, whose beds contain the cbarao 
teristic fossil plant-impression Glossopteris Brovmiana, are youngae 
than the so-called Upper Palceozoic, and older than the Mesozcno 
rocks of Victoria, whatever differences of opinion may exist i 
to the precise geological position of cither of the three groups> 



Meaozoic Eoeki. 8E 

Sir R. Daintrec, iu bis work tin the Geology of QuBenaland, 
points out that tlia rooks of the Northern Carhoniferous (Patteo- 
soic) area there contain Glossopteris (which is there, in hia opi 
withont doubt a purely Palceozoic form), but no TiEniopleris, 
whereas in the Mesozoic coal raeasnres of Victoria, Richmond River, 
in New South Wales, and the southern coal-field of Queensland, 
T<BmopteTis is abundant, but no Glosso/iteria has ever been found. 

Mr, Charles Wilkinaon, Government Geologist of New South 
Wales, informs me that Glossoplerit is found in beds lying between 
layers which contain distinct Carboniferons (Paleeozoic) fosaila, 
and has kindly fnmiahed me with the subjoined table, showing 
the approximate relations of tlie New South Wales and Victorian 
Mesozoic and Palseozoic rocks. As Mr. Wilkinson's classification 
ia based upon long practical experience in both colonies, it ia 
probably the moat correct that can be arrived at. 
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Carbonaceous (? Ooolitic) rocks 
of the Wannon, Cape Otway, 
Western Port, and South 
Gippsland. 

Tieniopter 


Nkw Sodth Wales. 
Clnrcnco River beds. 

8 DaiitCreei. 


No recognised equivalents. Wyantimatta bads. 
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Upper Coal Maasurea of New- 

wbich does not occur ia any 
beds above these. 
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No equivalents. 


Marine beds. CarboniferoDs 
fossils. 
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Lower Coal Measures. 


Lower marine beds. Carbonifer- 
ous fossils. 




1 Upper beds Avon Snnd- 


Lcpidodendron beds. 




Devonian. 


Devonian. 




Upper Silurian. 


Upper SUorian. 
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Equivjilents of the New South Wales Carbouiferous i 
may or may not have once covered portion of Victoria, bnt 
it they did every trace of them aa surface rocks has since been 
removed. 

The only areas wbich they can possibly underlie are — 1st. The 
broiid strip of Mesozoic and Tertiary tracts in aoutb-weatem 
Gippalund, from the Mitchell River to Western Port, between 
the coaBt line and the boundary of the Falfcozoic rocks. 2nd. 
Portion of the district, consisting of Mesozoic and Tertiary 
or Volcanic tracts, Iietween Port Phillip and the Glenelg. 
3rd. The great Tertiary tract in the noi'th-westem part of the 
colony. 

Wbether they do underlie these areas or not does not alter the 
fact that between the completion of the Upper Devonian forma- 
tions (the Avon Sandstones, Iguana Creek and Mount Tarabo 
beds), and the comraencemcnt of the Mesozoic beds of South . 
Gippsland, Cape Otway, and the Waimon, a vast interval of timM 
elapsed, during which the Carbouiferons rocks of New Souths 
Wales were being formed. If rocks of the latter group wer^ 
deposited in Victoria during that period, a further space of tin 
was occupied in subsequently removing them; but if such s 
were not laid down in Victoria, it can only be assumed that tl 
period during which they were being formed in New Soatfi 
Wales was occupied solely in the denudation and removal i 
previously formed rocks in Victoria. 

Whatever may have been the nature of the changes which toolQ 
place in the interval, it is very evident that there is a gre 
Btratigrnphical break between the Upper PaliEozoic and MesDzoid 
rocks of Victoria. 

Mesozoic Rockb. 

The Bacchus Marsh Sandstones. 

In Mr. A. E. C. Selwyn's work of 1866, the Bacchus Mai 

and Grampian Sandstones are classed as Upper Paleozoic, thot 

the opinion is expressed that they may be younger than. 1 

Upper PalEBOzoic rocks of the eastern district. 

The Bacchus Marsh Sandstones, however, yield fossil plant^ 
which Professor McCoy regards as of a Triassio or 1 
.Mesozoic type, and I feel justified in separating them from 1 
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Avon River and Iguana Creek beda of Gippsland, the fossil flora 
of whieb lias an Upper Palteozoic aspect. At the same time, the 
character is tic fossil plants of the Bacchus Marsh group have not 
been found in the rocks of the other Viutoriaa Mesozoic areas, 
have tbe fossils common iu the latter been found in the 
former, and ou this account the Bacchus Marsh beds are classed 
separately from those of Western Port and Cape Otway. The 
Bacchus Marsh Sandstones occur between tbe Werribee and Ler- 
derderg Eivera, a abort distance above their confluence at Bacchus 
Fsh, and extend iu disconnected areas, much covered by vol- 
«»nic layers, up the Werribee valley, as far as Greendale and 
Ballan. They consist principally of coarse to line whitish and 
yellowish brown sandstones of variable degieea of hardness ; 
the lower beds of the series, resting on the Siinriaa, in many 
jJaces consist of conglomerates. Ontliers of conglomerate also 
' occur capping spurs on either alope of the Silurian range 
separating the Lerderderg and Werribee Elvers, At Darley, 
a few miles up the Lerderderg from Bacchus Mareh, is a 
coarse unstratified conglomerate, consisting of a soft, earthy 
'base, which contains, aniungsC otber fragments, siib-aDgiUar 
pieces of granite of a different character to any occurring 
'in situ in the district. 1 remember to have heard the late 
@if K. Daintree say that these fragments resembled no granite 
he was acquainted with occurring as a rock mass nearer than 
' Queeasland. 

The general appearance of the conglomerates, and the character 
■and mode of arrangement of their materials, are suggestive of 
-transport by marine glacial action, thougb, as remarked by Mr.. 
Selwyn, grooved or ice-scratched pebbles have not been observed. 
Id this respect the Darley conglomerates resemble those at Wild 
' Suck Creek, provisionally referred to as Upper Paloaozoio. It is 
-quite possible that the latter may be of Mesozoic age, as the 
absence of clear Falieontological evidence renders it impossible to 
arbitrarily fls their position. Patches bf similar coarse con- 
^lomerates with yellow sandstones are shown on tbe geological 
maps as occurring ou the Coliban River, near Kyneton, and between 
Kyneton and Ueatbcote, wbere the Silurian rocks are thinly 
capped by a cougloraorate, containing pebbles of quartz, quarlzite, 
bard sandstone, granite and porphyry. 
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Tbe fossil plants found id the Bacchus Mnrsh Sauilstones huTS 
been figured and described bj FrcifQBfior MoCoy ia Deoule Noi 
II. of his Prodromus of Victorian Palteontology. They comprisB 
three foiTns of fossil ferns, namely, Gamjamopteris a/ngugt^eiia 
(McCoy), G. spatulata (McCoy), and G. obliqua (McCoy), 
These Gangmnopteri are referred to by Professor McCoy as bwng 
asBoeiatod willi the Glossupleris Browniana of the New Sondt 
Wales coal-tiolds, and, an indicating the relationship of the 
rocks in which they are found, to the "Talehir" beds of 
Indian eoal-fiolJs. From what has been further ascertained/ 
however, it appears that Glossopteris is fonud in Now Sou^ 
Wales ia two aels of bedsf, between whieli are intercalated n 
beds, containing fossils of distinctly Carboniferous (Palffiozoio) 
aspect. 

Mesoioic Carbonaceous Rocks of (1) the Wannon, (S) Cape 
Otway, and (3) Western Part and South Gippiland distnci). 
The areas occupied by Mesozoic rocks have been generally da 
scribed in a previous chapter; but as it is desirable to indicate al 
nearly as possible the known limits of the surface exposures o{ 
these rocks, and also the areas cnvored by newer deposits whi<d 
they may reasonably be supposed to underHe, a more detallet 
description of boundaries is here given for each of tbe three g 
Mesozoic areas. 

The Mesozoic rocks of the Wannon make their appearance troll 
beneath overlying Tertiary and Volcanic layers in the Wanno 
River, between Hamilton and Coleraino, and are visible thenfl 
. westward as for as the Glenelg River, beyond which they i 
appear under tho tertiaries. They extead only a short distano 
northward from the Wannon, as at Coleraine they are si 
bounded on the north by the trap rocks, and a short distasti 
north of Castertoa by the Mefamorphic schists. South^nn) 
they are visible as far as Digity, but their actual e) 
south and south-west is unknown on account of their being < 
lapped by the wide-spreading Tertiary and Volcanic layers wM^ 
constitute so large a portion of the surface area of the wester 
district. Even in the tract where they are near the surfao 
the Mesozoic rooks of the Wannon district arc so coverw 
by thin Tertiary cappinga and deep soil that few observation 
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can be made as to their clmracter or the incUuation of their 
beds. 

Soft earthy sandstones, from greenish brown or drab to yellowish ■ 
white, and earthy or gritty shulea, appear to be the preTailing forms. 
Imperfect plant -impressions are numerous in many of tlie bands, 
and some distinctly recognisable formB have been obtained. Seams 
of somewhat impure coal occur iu the measures at Coleraiiie. 

This portion of the country consists of heautiful open downs of 
great fertility, and affording rich pasturage. 

The area occupied by exposed Mesozoic rocks in the Cape 
Otway district ia bounded on the south-west and south-east by the 
coast line from near the mouth of the Gellibrand River to between 
Loutit Bay and Barwon Heads, and oa the inland aide by the 
flanking Tertiary deposits from the mouth of the Gcllibrand to a 
few miles south from Colac, and thence round to the coast. The 
Mesozoic rocks of the Barrabool Hills, near Geelong, form portion 
o^ but are separated as surface rooks by, overlying tertiaries from 
those of the Otway Ranges. 

Like the Mesozoic rooks of the Wannon, those of the Cape 
Otway Ranges and Barraboo! Hills consist principally of sand- 
etones and shales with occasional coarse gritty beds composed of 
granitic detritus and fine conglomerates containing pebbles of 
granite, syenite, porphyry, metamorphic slate, and mica schist. 
At the Barrabool Hills the conglomerate beds contain pebbles of 
the underlying diallage rock in the vicinity, and Mr. C. S. 
Wilkinson also found in ihem pebbles of Silurian slate containing 
well-preserved graptolites. The colour of tiie sandstones varies 
from nearly white to dark greenish-grey or yel lo wish -brown ; the 
textnre is generally soft and earthy, though sometimes hard 
durable sandstones are met with. 

Throughout the whole series plant-impressiotis and very thin 
irregular seams of coal are common. 

The dip ia very inconstant, and the rocks are much faulted and 
unevenly bodiled. Largs and small nodules or indurated lumps, 
Bometimes calcareous and sometimes ferruginous, are common in the 
■Handatone. Distinct lines of stratification are often discernible 
in these nodules, and they appear to bo indurations resulting from 
liHtnral chemical action rather than rolled fragments. On cliff 
&Ges they stand out from the weathered containing sandstone. 



presenting the appearance of a number of half-emLedded I 
balls. (Fig. 24.) ■ 
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It is highly probable that tlie rocks of tlie Wannoo and o 
Cape Otway district ara con tinous beuoath tiieintervening Tertii 
and Yoluanic tract, and also that the Meaozoic rocks exten4 f 
long distance inland beneath the volcanic plains from Colac tow 
Skipton. Throughout the district cappings of Tertiary s 
gravel overlie these rocks at various elevations up to 900 or 1,C 
feet, both on the full towards the coast and on 
from the eastern and western extensions of the Mount ! 
Range wjiieh form the divide of the Otway district b 
coast on the Bouth, aud the Barwon and Gellibrand Rivers on t! 
north-east and north-west respectively. 

The soil of the Cape Otway Mesozoic area is very rioh, i 
supports a dense vegetation of largo timber and various ecrulu 
The country is, however, very broken and intersected by a ne^ 
work of creeks and gullies, with steep ranges between. 

From a little to the west of the G-ellibrand mouth to L^utit I 
the sea shore is rock-bound, except at Apollo Bay and a i 
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feet in height, with the shelying rocks and broken masaoa 
it their baees laaheJ by tlio "rolJers" of the Southern Oceau which 
:re bnrBt ceaBolossly upon them. (Fig. 25.) 
The Mesozoic rocks underlie the tertiaries between Geelong and 
lueensclifl, as aeveral outcrops of the former are risible, and there 
TSry little douht that they extend beneath the aoiitheru part of 
»Fort Phillip, a email portion of their edge being visible on the eaat- 
n shore of the baj near the foot of Mount Martha. 
The ridge formed by the granite and the Silurian rocks extend- 
g from Berwick down between Port Phillip Bay and Western 
'ort, though cut down and covered in places by low-lying tertiariea, 
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probably separates the Meaozoic rocks of the Geelong and Capi 
Otway area from those of Wentern Port and South Gippalandi 
The beds of the two areas are probably continuous with one anothi^ 
beneath the sea, and may possibly he united by a ni 
beneath the tertiariea of the Carrnm and Koo-wee-mp Swarapn; 
That these rocks do not extend to the north-east shore of Port 
■ Philhp ia evident from the outcrops of the Silurian rooks at a 
around Melbourne, and on the St, Kilda beach at Kenny's bath^ 
but it is possible that a tongue of Mesozoic rocks, extending h 
direction of Bacchus Marsh, may underlie the great volcanic p 
between Williamstown and Station Peak. 

Meiozoio Area of Western Port and Soulft Gippsland. 

Cape Woolamai, the south-east extremity of Phillip Island 
consists of granite, while on the opposite eastern or mainland si 
theMesozoic rocks appear in full development at Griffith's Fointi 

The eastern passage of Western Fort Bay thus forms the extren 
western limit of this groapofrocksat the coast line. FromGriffitK 
Point eastward they form cliffs along the greater part of the coai 
line as far as Anderson's Inlet, where recent sandy and alltiril 
deposits cover their line of contact with the Silurian rooks of Cap 
Liptrap, A line from between Anderson's Inlet and Cape Liptn 
over to the north of Foster, at the head of Corner Inlet, would V 
dioate very nearly the boundary between the Silurian rocks i 
south and the Mesozoic on the north. The former disappear alt( 
gether a short distance east from Foster, while the latter have bt 
proved to a considerable depth below sea-level in bores pat doiK 
at various places between Foster and Port Albert. From Coma 
Inlet north-eastward to Tom's Cap, the Mesozoic rocka consti 
tute the prevailing rock -formation of the ranges which i 
towards the level Tertiary country bordering the coast. 

On the north the Tertiary valley of the Koo-wee-ru 
and Lang Lang River, extending up from Western Port to the lo* 
saddle of the southern spur near Drouin, and thence the valley ol 
the Moe Swamp, down to the junction of theMorwell andLaTrob< 
Rivers, form the boundary between the Silurian on the north ana 
the Mesozoic rooks on the south. The actual lino of contact ij 
completely hidden so far by great accumulations of TertiwJ 
sedimentary and volcanic layers, which occupy the valleya «» 
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^ank the alopea on either side. From the jimction of the Morwell 
and LaTrobe Eivers, for a diatauce of about ten milea easterly, 
the Mesozoic rocks, iti the form of a broad patch resting against 
the elopes of the Silurian rockB, estend back for eeveral miles on 
the north of the La Trobe 
■valley, and of their north 

1 line of coutatt with the 
Silnrian rock good asLtiou-, 

1 visible in the Tjer 
Kiver and Rintoul a Creel 
(FJgB. 26 and 2? ) 

The wide-spread Tertiai\ 
»nd Post-Tertiary deposils 
of the La Trobe valley, and 
those continuouH thence 
round the eastern and south- 

i terminal elopea of the 

tsozoic tract which lies 
between the La Trobe and 
the coast, effectually con- 
ceal the eastern limits of 
the Mesozoic rocks and 
their line of contact with 
the Upper Palieozoic rocks 
of the ^acalistor, or any 
formations that may Inter- 
■vene between the two group? The Bouth-westem extension of the 
Mesozoic rocks visible between Western Port and Anderson's Inlet 
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Upper SUuriAD. Uescnsoic conglomerete, 
and the Bouth-eastem extension of those eastward from Comer 
^letf pass under the sea, but to what distance cannot he dctemiinnil; J 
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Except a email outcrop of Silurian roeks at Turtou'a Creek, t 
mlleB north of Corner lulet, the entire area within the aboT 
described boundaries coneists of Meeozoic rocks more or less oti 
laid and flanked up to elevations of about 1,000 feet by Tertia 
sedimentary dopoaita and volcanic rocka. 

Tbc Western Port and South Gippslaud Kanges are similar 
physical character and vegetation to those of the Cape Otw. 
Jbtrict. Their highest eSevationa, Mount Fatigue — and some poinl 
of the Strzlecki range — slightly exceed 2,000 feet above the sea. 

The rocks of Griffith's Point, Kilcunda, and Cape Patt( 
resemble those of the Otway district. The same descriptioi 
sandstone and shale occur in the eastern and western Meaozoi 
ureas. At Griffith's Point there are layers of coarse and fii 
glomerate composed of granitic detritus, pebbles of quartJj 
quartzite, &c., and soft earthy breccia-conglomerates made np 
waterworn and angular fragments of somewhat hard greeniab 
mudstone. Some of the sandstones between Gr ffith a Point 
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Kilcunda affiird durable building stones, but, as a rule, the roeks 
are of a soft fclspathic character, much joiated and faulted, ths 
faults being frequently accompanied by basalt dykes, not observed 
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in tho Cape Otway country, {Fig. 28.) False bedding and frequent 
variations of dip and "rolls" in the strata are also notiueable. 

North of the La Trobe valley, along the Tyers River, and in 
Bintonl's Creek, fine sectiona occur, allowing the contact of the 
MeBOzoio with the Silurian rocks. The lowest beds of tlie former 
are coarse thickly-bedded ferruginous and siliceous conglomerates 
of quartz, quartzite, hard sandstone pebbles or boulders, and sand, 
derived from the denudation of the Silurian rocks, and, in some 
places, 100 feet in thickness. These conglomerates become finer in 
character towards the south, and are overlaid by thick-bedded sand- 
stones, followed by alternating' sandstones and shales, which, in 
different varieties of colour, textui'e, and hardness, constitute the 
prevailing rocks of the series,as developed north of the LaTrobe and 
in the South Gippsland Ranges, to the south of that river. The bed- 
ding in these tracts is more regular than in the Cape Patterson or 
Cape Otway districts, and the dip is nearly constant in a general 
Bouth-eaaterly direction at an angle of from 7" to 25°. (Figs. 29, 30, 
and 31.) In the course of explora- 
tion of the Gippsland Mesozoic areas, F"=- 29.-FAiia os E. Taewis. 
I found' that the south-easterly dip --^^^v"^ 

appeared to prevail from the extreme 
northern edge of the series between 

the Tyers and Rintoul's Creek to the ■if-»-»:g^a=^iTt .■-■•>!' 

south -easternmost exposure of the 
Mesozoio rocks in Bruthen Creek, on 
the fall towards the coast. This 
would indicate the very great thick- 
ness of over 20,000 feet, assuming 
Ui average rate of inclination not 
exceeding 10°; but it is possible that 
undulations in the strata may occur, 
or that the beds become more hori- 
Bontal between the points where I 
was able to take the dips, thus neces- 
Btating a reduction in the estimate. 

Along the Narracan Creek, south 
from Moe, the strata are sometimes n 

Coal seams occur in a number of different localities. 1 
■will, however, be specially noticed in a subsequent chapter 
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O11I7 two species of foeeil fauna have yet been iliscoTcred iq 
the Victorian MeeoEoie rocks, viz.. Unto Dacombi (McCoj), 
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fouml in tlie rocks ot the Wannon, and Unio Murrayi (MoCo^)! 
discovered in a piece of sandstone from near Loutit Baj. Bo' 
of these are fresli-woter mollnaks. Fossil pJant-irapresBioiig a 
very numerous, but only a few distinct species have yet bei 
identified. These are figured and described in Decades No. !■ 
and No. II. of Professor McCoy's Prodromus ot Victorian 
Pal a;o otology, and are as follows : — Zamites {Podosamiles] 
Barhlyi (McCoy); Zamites {Podozamites) elKpticui (McCoy),; 
Zamites longi/olius (McCoy); Taniopteria Daintreei (McCoyJ 
and Pecopteris Australis (Mor.) — P. Scarbtirgvnsis (Bean MSS.} 
These are all characteristically of Mesozoic aspect. The thret 
Zamites &aA the Pecopteris are regarded as indicating the Oolitie 
period of the Mesozoie epooh as that to whicli the Victoriaikl 
Carbonaceous I'ocks are most nearly referahle. Pecopteris, asaO' 
ciatod with these in Victoria, has also been found in New Soat] 
Wales and Tasmania usaociated with Glossopteris Browniaru 
common in the coal-bearing locks of those colonies but so i 
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This has been regBrded by emineut uutbority as evidence in 
fevouroftheMeaozoicageoC the New South Wales coal-meaaurea; 
but there ia, nevertheless, very strong evidence in support of the 
tielief that the Victorian carbonaceous rocks form a youngei' group 
of the Meaozoio series than do the coal-raeasures of New South 

ea, even if the latter are Meeozoic. The Palteontnlogical 
«Tidence bo far shows that Peaopteria is found associated with 
"both Gloggopleris and Taniopteris Oaintreei, but that the two last- 
named have never been found together, indicating that Ghasopferis 
had become extinct before Taniopleria Dainlreei came into exist- 

', biit that Pe,copl&ris outlived the former and flourished con- 
temporaneously with the latter. The late Sir H. Daintree, in his 
work on the geology of Queenalaad, lays considerable stress on 
the non-association there of Gloasopteria and Taniopteria Samtreei, 
the former of which he considers to be indicative of the Palteozoic, 
and the latter of the Mesozoic age of the rocks in which they are 
respectively found. 

It is very likely that of the numerous species of Mesozoic flora 
some may have disappeared early in the epoch, while others 
associated with them continued to flourish through its later periods. 
The knowledge of how very superficial has bean the search made 
for fossils among the Mesozoic rocks of Victoria tends to guard 
against too hasty ^isumptioits as to the relations of the Ganga- 
mopteria beds of Bacchus Marsh to those containing Taniopterig, 
J^copteria, &c., of the Wannon, Cape Otway, Western Port, and 
SoatbGippsland; or the relation of the whole Victorian Mesozoic 
aeries to the carboniferous rocks of New South Wales. There 

it a shadow of a doubt, however, but that the Mesozoic rocks 
of the Wannon and Cape Otway, Western Port, and South Gipps- 
liuid are all of the same geological age, and were formed con- 
temporaneously under very similar conditions, and that between 
them and the rocks classed as Upper Palieozoic of North Gippa- 
land and the Grampians there is a great etratigraphical break, 
representing an era of which we have no visible record whatever 
in the shape of roek- formations. This period seems to have been 
ocoupied, as regards the area of the present land surface of 
"Victoria, in the work of denudation. After the completion of the 
TJpper Palffiozoic beds, which, as before pointed olit, appear to 
lave been formed during long-continued gradual submergence, an 
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opposite moyement set iii, and the laud rose again to as greats 
height above the Kea as it hud beea previous to the a 
of the Upper Palaeozoic layers, 

Thia upward movemect of the Victorian land may not hsTB 
extended to the central eastern portion of Anatralia, and, if ao, W 
may eonjecturo that, during the period of emorgance here, tilS 
northern portions of New South Wales may have i 
depressed, or even atiJI sinking. Tiiis would imply contmue3 
accumulation there hut denudation here, and would i 
the absence in Victoria, between the two series classed respectively 
as Upper Palaeozoic and Meaozoic, of any formations that c 
with certainty be referred to the age of the New South Wala 
coal-measures. 

The only alternative surmise is, that rocks analogous to the li 
mentioned were onee deposited in Victoria, and were aflerwarA 
removed ; but I am more inclined to the belief that whili 
mulation of the eoal-measurea was in progress in New South Wsla 
the Victorian land was simply undergoing denudation. It canni 
ho said that representatives of the New South Wales coa 
measures may not undeihe portions of onr Mesozoic areas, but a 
far as can be determined from the evidence of natural eections i 
their "margins, the Mesozoic rocks rest directly on Lowt 
Palffiozoic or older igneous rocks, and whatever intermedial 
formations may exist must lie concealed beneath the Mesozo 
rocks in the deeper portions of the basins occupied by them, 

"Under any eir cum stances, there must have elapsed, after tl 
close of the Upper Paheozoie period, and prior to 
ment of our Mesozoic formations, a long period during wfaioj 
denuding agencies were busy, and effected great changes on tb 
then rising land surface of the country. When this rising moT4 
ment had reached its greatest extent the land surface was mo 
elevated than now above the sea. The central mountain ma 
was still of far greater altitude than now above the contour of ti 
present shore line, as it had not at that time lost the material i 
which it has been since denuded during Mesozoic and Tertiai 
times, and, notwithstanding the degradation experienced dnriu 
the Upper PalaiOKOic period, atill retained an Alpine charaeta 
being then very probably many hundreds, if not thousands of fq 
higher than at the present day. 
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With TO-B libra erga nee the ilepoait of the Meaozoic rocks 
mmenced and contiimed during long ages of gradual depres- 
sion, till a flanking dei>0!)it had heen formed skirting the main 
mountain system, from the Wannou to Port Phillip, and from 
Western Port to the Macalister, to a L eight not less than 
,500 feet ahove the present aea-Ievel, This does not necea- 
aarily imply that every hill or spur of older rocks now uuder 
that altitude was then covered. Tlie slopes of the mnin moun- 
tain system were then lesfr denuded than they are now, and a 
coiitour line at 2,600 feet above that of the present shore line 
would have been far nearer to the latter, meaBiu-iog horizontally, 

The Silurian rooks and granite of Cape Liptrap and Wilson's 
Promontory iudicate the approximate position of part of the 
southern margin of the eastern portion of the Mesozoic basin, but 
it would be impossible witliout raoi'e accurate knowledge of the 
)gy of Tasmania and of the islands in Bass's Straits to form a. 
conjecture as to the boundaries on the south-east and south-west. 
There is nothing to show what formations were deposited on the 
north of the Main Divide during the Mesozoic period, unless the 
conglomerates of the Wild Duck Creek belong thereto. Any 
extensive deposits that may have existed have been removed, 
unless some remain concealed beneath the Tertiariea bordering the 
Murray. 

The conditions under which the Mesozoic rocks were deposited 
do not appear to have been altogether marine, but rather fresh 
water or brackish, merging into marine. Tbe conglomerates, at 
the edges of the Mesozoic areas, speak plainly as to the viciuily of 
the land surface of the period to the localities where we now find 
them. The eharacter of the fossil flora and of llie few fossil fauna 
yet found tell the same lale. We may regard the Mesozoic rocks 
fta deposits, — in previously eroded basins, — of sand, silt, mud, &c., 
brought down from the land surface and arranged by shallow 
waters, whose currents were fluctuating both in direction and 
power. The laud was in process of slow submergence, and, as it 
sank, the material derived from its waste continued to be arranged 
by marine or lacustrine action in layers of varying thicknesaj 
imetimes evenly, Bometimcs unevenly bedded, forming ever thick- 
ling accumulations around the land-margin, near to which larger 

HI ,.j , J 
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fragments brought down from the land were rolled and arranged 
by littoral action in the form of conglomerates. 

Intervals occurred during which the conditions were favorable 
to the accumulation in swamps and low-lying shallow basins of 
growing or drifted vegetation, subsequently covered by further 
layers of sand and silt, and altered to the form of coal. 

These processes went on until the submergence had attained its 
limits, and the land began to rise again. From this period com- 
menced a denudation of the beds which had been deposited, and 
the erosion in them, and in older rocks, of new and deeper hollows 
or channels, which were destined in their turn to be again partly 
filled by the accumulations of the Tertiary epoch. 
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CHAPTER vm. 

Tertiary groups. Oliifocene — localities, fossils, Miocene — 
marine beds, localities, character; lacustrine deposits, 
quartzites. Fiamatile deposits. Miocene /ossils. Older 
Volcanic Hocks — character, localities. 

^ Tertiaey. 
Formationa of Tertiary age are very estenelvely developed in 
"Victoria, occupying nearly one-half the area of the colony ; they 
are geologically divisible with tolerable certainty into three prin- 
cipal gronpB, viz.. Lower Tertiary (Oligocene), Middle Tertiary 
(Miocene), and Upper Tertiary (Pliocene). 

Lowes Tertiabt (Oligocene). 
The Victorian Lower Tertiary beds, which the term Oligocene 
has been employed to designate, really belong to the uppermost 
portion of the Lower Tertiary group, and appear to occupy an 
intermediate positioD between the Eocene and Miocene. Of the 
Eocene, or Lower Tertiary strata of European and American 
geology, there appear to be no equivalents exposed in Victoria 
whatever may be concealed beneath newer formations, and the beds 
classed as Oligocene are here the oldest known members of the 
Tertiary series. They are espoaed close to the sea coast in a few 
localities of very limited extent, of which the best known are as 
iUdwb; — Portion of the coast between the mouth of the Gelli- 
.nd Eiverand Port Campbell; on the coast to the west, and also 
kbont a mile inland on the east side of the Aire Kiver a few 
[ilea north-west from CapeOtway; in a few places in the Geelong 
listrict, and on the east coast of Fort Phillip, near Mount Eliza 
id Mount Martha. 

These beds are exposed inland, near the junction of the G-range- 

Lum and Muddy Creeks, a few miles west from Hamilton ; also, I 

understand, near Violet Town, to the north of the Main Divide; 

I and nndonbtedly underlie large areas in the western and northern 

■ 'districts. Lithologically, they consist piiiicipally of bine or grey 
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clays, sometimes stiff and tenacious, Boraetimes sandy, with patchM 
composed almost entirely of moi'e or less fragmentary Bhella, 
loosely held together by eandy clay. Calcareous septarian nodules 
are common on tho cast coast of Fort Phillip, in Oligocene clapi 
which Mr. Selwyn describes as closely resembling the Eocene 
strata of the Hampshire aod Loudon basius. In all places where 
the bods are exposed, they are rich in fossils, among which we 
some gigantic forms of Volutes and Cypra3a (cowry). The forms 
figured and described by Professor McCoy in his Prodromus are ns 
follow: — Valuta HannafoTdi (McCoy), V. anti-scalaris (McCoj), 
V. strophodoa (McCoy), Ci/prcea (Aricia) gigas (McCoy), C. 
gastToplax (McCoy), O. eximia (Sow.), C. ( Trivia) avella- 
noides (McCoy), C. platypyga (McCoy), C. {Luponia) tep- 
torkyncha (McCoy), C. {Aricia) coniobrina (McCoy), C. 
(Luponia) eontusa (McCoy), Limopsif aurita (Brocchi ep.). 
X. Belcheri (Ad. and Reeve sp.). Peclunculut laticostatiit 
(Quoy and Gaimard), Atnria zic-zac (Sow. sp.), trar. AuHralh 
(McCoy), CucvlliEa Corioensii (McCoy), Pecten YahhnsU 
(Woods), var. semi-leevis (McCoy), fValdkeimia macropora 
(McCoy), Spondyliis pseudo-radula (McCoy), &c. 

Some of these fossils, or closely-allied species, are not confined 
to the Oligocene, hut are found also in the Miocene, and even in 
the Pliocene beds. 

Middle Tertiary (Miocene), 
Formations of thia age are extensively developed in Victoria. 
They compriso deposits due to marine, lacustrine, and fluviatile 
agencies, and also the rocks of igneous oTigia, classed as Older 
Volcanic, which appear to be the yotiagest of the group, and to 
form the division between bed? of Middle Tertiary or Miocene, 
and those of Upper Tertiary or Pliocene age. 

In proportion to tlie actual extent of the tracts underlaid by 
them, the Miocene strata, of marine origin, appear as the surface 
formation of hut very small areas, and are only exposed on the 
sea coast, or on the slopes towards rivers and creeks, where the 
newer overlying formations have been cut through and denuded ; 
but their presence has been proved by bores and shafts, beneath 
great tracts of which the surface fonnations are Upper Tertiary or 
Newer Volcanic. 
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Rocks of MioceiiB age form the cliffs along tlio sea coast, from 
the Glenelg to the Gellibrand River, with the exception of a few 
breaks between Portland and Warrnambool, where overlying 

per formationa, occupying depressions in the Miocene beds, are 

. found at the sea-level. The coast scenery betw^een the Gellibrand 

and Warrnambool ia of a most picturesque character. The cliffs 

e flbont 200 feet in height, generally perpendicular, and jut out 

into frequent headlands. (Fig. 32.) 

The encroaching action of littoral denudation is well exempiifled 
by the number of islets standing at short distances ODt at sea. 

ese are of the same height and composed of the same rock- 
bands as the main cliffs, and are evidently portions which have 

n left UDremoved during the denudation of the mass. 

Miocene strata occupy a small area on either side of the 
Aire River, north-west from Cape Otway. Eastward from 
Loutit Bay they are again fouml, forming the cliffs along the 

The rocks consist of whitish and yellowish-brown sandy calca- 
■eous layers, sandy ferruginous layers, yellowish sandy limestones, 
ooralUne limestones; composed alaiost entirely of fragmentary 
shells and polyzoa, and calcareous clays. Near the mouth of, the 
Gellibrand is a bed of conglomerate resting upon and composed of 
rolled fragments of the Oligocene clays which occur there. There 
e also soma black clay beds, containing leaf impressions, east of 
e Gellibrand, near where the Miocene beds thin out on the 
Mesozoic rocks. Similar clnys occur westward of the Aire River, 
near Cape Otway, and at Point Addis. The cliffs on the coast 
near Spring Creek, south from Geeloug, have been described in a 
report and geological map of that district by the late Sir R. 
Daintree. The thickness exposed is about 300 feat, of which the 
upper portion, of about 100 feet, consists chiefly of yellow sandy 
limestone, composed principally of polyzoa and fragments of 
echini spines. The principal characteristic fossils of these upper 
beds are Cellepora Oamhierenais, Spalangua Forbeai, and Teribra- 
tula Compta. Next In descending order come about 150 feet 
of yellow and brown sandy clays, containing a prevalence of 
bivalve shells, principally FecCunculus laticoatatus and pectens, 
Below these are Oligocene beds, containing principally univalve 
sbellB. 
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Some of the limestones are very hard and compact, aud blocks 
may be (ibtainetl near Geelong and at Maude, on the Moorabool, 
showing, when polished, handsome ehell markings. 

Near Melbourne, the Miocene beds, paeaing under the Older 
Volcanic rocks, consist of white clays, containing leaf impresBionh 
(Fig. 33.) 

The marine Miocene beds ^ 

extend inland beneath the V^'^^^^^^^^^^^^^i^^^ 



^uraceoos plants. Weat D( tbe Siatwater S 
fi. Oldtr Ti>t<Kii]o rock, rau( 

poied angnniUi, Ac., the shrinkaice 
d. Uliper Silunan (bed-rock). 

Upper Tertiaries for many miles ; they are exposed along the Gle^^ 
neig, the Hopkins, Curdie's River near Cobden, in Tarioo^ 
localities north of the Cape Otway Buuges, and for long distaneo 

up the Moorabool and Leigh Rivt 

There is no doubt that they underlie the greater portion of thft 
western plains. AtMount Mary, un extinct Newer Volcanic cratei^. 
near the Werribee, ejected blocks of rock confaining MiocsDt 
fossils occur among the volcanic ash and other materials of whic^ 
the hill is composed, showing that the Miocene beds underlie ths^ 
plains between Melbourne and Station Peak. They also Dccur 
tly been proved, dnring boring 
operations in search of water, ' 
exiat beneath the great plai 
North- Western district. In Gipps>^ 
land they appear to underlie the Ion. 
country near the coast from Port' 
Albert to tlie Snowy River, thouglL 
only exposed in a few localities, i 
at Wood si do, Merri man's Creek^' 
Boggy Creek near Sale, the Mit- 

"s"«"lta"btX "''^1' ^i''^'' ^"'n IS*"^"^ Creek tff 

the Gippsland Lakes, 
coast eastward from there. (Fig. 34.) 

Many of our widespread ferruginous gravels and conglomerate 
appear to be of Miocene age, and to be the resulta of littoral &c£<q 
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during that period. It may, however, tie taken aa an established 
fact that no mnriiie Miocene strata have Ijeen yet found in this 
colony at an elcTation exceeding 700 foet ahove the level of the 
sea. It bns been reinarked that no marine Miuceno beds are to be 
met with on tbe coast of Kew South Wales. 

Tbe Mioceae beds apparently due to lacustrine action conaiat 
chiefly of claye and lignites, fiJling basins in older rocks. Such a 
basin exists at Morrison's diggings on tbe Moorabool, near Mere- 
dith, 'where, in some places, the Miocene deposit forms a " false 
bottom," on which rest auriferous gravels of Pliocene age. The 
extent of thia basin is not well known, hut its outlet to the sea 
was unmistakably about where the township of Meredith now 
stands. The great lignite deposit at Lai Lai is posBibly of thia 







lOG Geology tmd Physical Geography. 

many localiries througbont the country are excoedingly hard 
quartzites, which appear to be fine ailioeoua silt, or possibly 



Fio. 36.— Sbction iT SciLP Crebk, b4bt of Tixitas Eitbb. 
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h Indurated yellawlob-grej mud 
Upper SUurlui (b«d-rock) 

infusorial earth, cemented and indurated by Biliceoiis infiltrations. 
They often paaa into siJiceoua conglomerates, contu,iniug well- 
rounded quartz pebbles, which occasionally show signs of partial 
blending with the siliceous matrix, Hydrothermal action has been 
suggested as a probable cause in the production of these qnartzites, 
and it is readily couceivable that the percolation by heated waters 
or steam, of fine saud and gravel or infusorial earth, would result 
in the development of such rocks as the quartzit«s referred tOw 
Wherever the relative positions have been observed, these 
quartzitoa have been foimd to be clearly antecedent to the Older 
Volcanic rocks, and apparently synchronous with the marine 
Miocene beds, and have on that account been classified as of 



The Miocene formations due to fiaviatile action are principally 
developed in Gippslaud, where there are deposits of sand, gravel, 
and conglomerate capped by older basalt 



Middle Teriimy (Miocene). 

patches, evidently once connected depoaita, but now aeparated 

from oae another hy the more deeply eroded river-Taileya of the 

Tio 37. — LioNiTB, BTC, IN NoBTH Bbuich OP Takwib Riteb. 




kifl, olnj, and 
quartJ Btavcl 



present era, which have 
cut through and. to a 
great extent removed 
the Older Tertiary drift 
depoaita. (Fig. 37.) 

Some of theae lava- 
capped vestiges are found 
at elevations up to 5,000 
feet above the sea, and 
constitute portione ofthe 
present Main Divide, g^.^,. ^^^ 

The gravels, sacda, and 
clays coveicd hy Older Volcanic roi ! 
and Bogong High Ploiua are the beal 
patches at high elevatioaa. 
There are many other araaller 
outliers, as at the top of Mount 
Useful, Connor's Plain on the 
Main Divide, between the Mac- 
alister and Goulburn drainage 
areas. Mount Lookout, between 
the Aberfeldy and the Thom- 
son, &c. (Figp. 38 to 41.) 

Gravels, ailiceous and ferru- 
ginouB conglomerates, clays, 
Bands, and impure lignites of ^ 
flnviatile and partly lacus- 
trine origin, and overlaid by 
Older Volcanic rocka, are 
found in country of medium 
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Fig. 11. 

Sketcb'Section of Conn 
Plain. 



a Oldfli VcdcuJo. 



elevfttion round the tlaoks of the main monDtsin mass at Glen- | 
maggie, Seaton, Hannted Hill, Taojil, Rusaeir§ Creek, aod \ 
Neerim in Gippsiand, Berwick, Hod- 
die's Croek, Kangaroo Ground, and J 
other localities to the westward. 

Kear Steiglitz certain wide-spread | 

gravels and fernigiaous conglomer- I 

ates are traceable down from the 1 

flanks of the ranges till thej paag I 

into marine Miocene beds, tbus I 

shoning themselrea to be of Miocene • 

" ^ '^'^^' date. I believe that many of tha- 1 

gold drifts hitherto regarded aa Pliocene may eventuatly have to I 

be classified as Miocene. 

The following are the principal Miocene fossils figured a 
Ueacribed by Professor McCoy in liia Prodromna of Yictoriuif 
PaliBOctology : — 

Main m alia.— SjMaforfow Wilkinsoni (JAcCaj); Cetotolites (jea 
bones of whales) Leggei (McCoyJ ; CeloColiles Fricei (McCoy)jJ 
CelololUes NeUoni (McCoy). 

Fishes. — Careharodon angustidens {A.g.') ; Carcharodon meffrM 
alodon (Ag.) Radiata.— re^Aj/a Newberyi (McCoy); Graphw 
1/iria RobintB (McCoy); Clypeasler Gippslandicus (McCoy) jj 
Lovejiia Forbesi (McCoy) ; Monostychia Australis (laubo) ^ 
wr.i...»,(Duno.). 

Molliiaca. — Vobita anti-cingulata (McCoy) and macropter 
(McCoy) i Trigonia acuHcoitata (McCoy) ; T. HowUti (McCoy)d 
T. semi-imdulala (McCoy) ; Aturia zic-zac (yar. Auslraliay^ 
(McCoy) ; rteuTOtomaria Tertiaria (McCoy) ; Haliotia oeinoidt 
(McCoy) ; H. MaorabooletisU (McCoy) ; Cueullaa Corioet 
(McCoy); Cyprma {Aricia) platyrhyneha (McCoy); Peefe 
YahUnsU (var. semi-lcevis) (McCoy) ; Spondylut gtsderopoided 
(MeCoy) ; Spondyltta pseudo-radula (McCoy) ; fValdheimb^ 
Corioea sis {HcCoy); W. inacropora (McCoj) ; Cardium pte 
luagnnm (McCoy); Cardium {Protocardium) attli-semiffTonttl^ 
tarn (McCoy) ; Hinnites Corioensis (McCoy). 

Plants. — Cinnamomum polymorphoidei (McCoy) ; Lattrt 
Wcrribeensis (McCoy) ; Salisburia Murrayi (McCoy). 
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Among a number of species of fossil fruit described and figured by 
Baron yon Mueller, and found in gold drifts classed as Pliocene, 
the following Bpecies have been also found in the drifts of appar- 
ently Miocene age at Tanjil : — Spondylostrobus Smytkii, Phy- 
matocaryon Mackayl, Celyphina McCoyi, Conchotheca lurgida, 
and Platycoila Sullivani. Anotlier species, Plesiocappams 
priiea, has been obtained in auriferous gravels of Miocene age 
beneath Older Volcanic layers at Hoddle's Greet, Upper Tarra. 

Older Volcanic Rocks. 

The different Volcanic rocks of the Tertiary period are so 
associated with the sedimentary layers that, in order to convey a 
clear idea of their relations, it is advisable to describe them in 
their order of sequence witb the latter, instead of in a special 
chapter by themselves. 

The Older Volcanic rocks are tho latest products, and mark dis- 
tinctly the close, of the Middle Tertiary or Miocene era. There 
do occur, occasionally, thin volcanic layers, inters tratified with the 
Miocene sedimentary bods, showing that volcanicily was not 
altogether dormant during the formation of the latter, but the 
greatest volcanic activity evidently took place at the close of the 
period. Where undecomposed, the Older Volcanic basalts are 
usually dark, dense, and solid, of a polygonally jointed and some- 
times distinctly columnar structure, and composed chiefly of 
augite, labradorite, olivine, and specular iron. They are, however, 
&B a rule, either wholly or partly decomposed. In the former 
condition, they consist of red, yellow, purple, brown, and nearly 
white araygdaloidal clays, containing hard lumps of less 
decomposed rock showing concentric structure ; in the partly 
decomposed state, the rock exhibits in sections the appearance of 
a conglomerate of such concentric masses in a clay matrix. 

In every locality throughout the colony where the Older Volcanic 
rocks are at the surface the soil immediately resting on or derived 
from them is of great fertility and of exceptional value for agri- 
culture. In tho Neerim, Brandy Creek, and other districts in 
Gippsiand, the natural vegetation growing on such soil is of a 
most luxuriant sub-tropical character, forming a serious impedi- 
ment to the labours of the selectors, who, during late years, have 
eagerly taken up every available acre of such laud. 
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The Bources whence ihe OlUer Volcanic lava strciima issued hai 
ni>t jet been Uisiinclly recogniseii ; no well marked points of erup- 
tion such as are common in the Newer Voleauic diBta-icts have been 
observed, and it would appear that the original volcanic cones 
have been entirely removed Iiy subsequent denudation, so that it 
would only be in what are now narrow or Bmall pipe-shaped dykec 
€aaily paeaed over unobsBrved, and probably far distant from where 
the Older Volcanic rocka remain in considerable area, that wa 
might look for the veuts wheuue the flows were poured forth. The ' 
original extent covered by Older Volcanic rocks was once very 
much greater than now. The areas we now see occupied by 
them are for the moat part disconnected vestiges of what were 
once long, continuous, and fretiuently also widespread sheets, 
which liave been cut into and through by subsequent denuding 
agencies, bo that, in many places, the Older Volcanic rocks which, 
at the time they were poured forth aa lavas, flowed down and 
partly filled in the valleys of the period, are now the cappings of 
ranges, owing to the erosion of still deeper vaUeys on either side. 
iEnougb still remains to enable some conjectures to be formed as to 
the areas once occupied by the Older Volcanic rocks; the conclu- 
sions arrived at, will, however, be better understood after the 
existing Older Volcanic areas have been described, and will, there* 
fore, be included in the genera! sketch history of the Tertiary, 
period given in a subsequent chapter. 

Older Volcanic rock occurs in patches, filling hollows in Miocene 
and other older formations in the neighbourhood of the Moorabool' 
Kiver, near Maude, and in one place as an intercalated band 
between marine Miocene beds ; it also constitutes a considerabla- 
area of the BeUariao district, south of Geeloug harbour. 

From between Ballan and Blackwood down to near Bacchus 
Marsh the Older Volcanic rock occurs in a number of localitiea, 
especially on the Pontland Hills, where some of tlie undecomposed 
basalt of this age is highly magnetic. 

From near Eomsey down to Melbourne there are several f 
posurea of this rock in beds and banks of creeks that have oal 
their way down to it through newer overlying formations. Near 
Flemington is an area consisting of Older Volcanic decompoag^ 
basalt, which may be seen iu natural section on the bank of tha 
Saltwater Kiver, passing under Upper Tertiary ferruginous 
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deposits, capped with basalt of Newer Volcanic age. From Hoddle'a 
Creek, a branch of tbe Upper Tarra, a series of disconnected 
jiatcbes, in some places nnderlaid by auriferous gravels, are trace- 
able, in tbe direetion of Melbourne, as far as Lilydale. Other 
patches occur between the Yarra and the Plenty, near the 
'Kangaroo G-round. This formation occurs again at Berwick and 
I iCranbuurne, and has been proved, by boring operations, to exist 
fceneath some 200 feet of Upper Tertiary deposits near Fraukston. 
I Cape Schanck and portion of the country between Western Port 
and Port Phillip, also Phillip Island and French Island in 
' Western Port Bay, consist of Older Volcanic rocks in places unde- 
,'Composed, and consisting of hard, dark, dense basalt. This rock, 
more or leas decomposed, occupies a atrip extending from Griffith's 
Point along the east coast of Western Port Bay, and I believe 
ihis to be portion of and continuous with the French Island and 
Phillip Island layers, and to be united beneath the Newer Ter- 
tiaries with the Older Voleanic rocks which occupy so extensive a 
tract in the Neerim and Bu!n Buln district. 

Large and small strips and patches are found between the 
Tanjil and La Trobe Rivers aud in various portions of South 
Gippaland. A well-defined lead, covered by 200 feet of older 
basalt, has been proved to trend, from between Walhalla and 
Mount Buw Baw, southward to the level country near Toou- 
^bbie. Very extensive sheets of older basalt probably underlie 
parts of the low Upper Tertiary country of Gippsland, as it may 
be seen sloping from the hilly country, and passing under tbe 
plains at Haunted Hill, Toongabbie, Seaton, Glcnmaggie, and also 
•t many places on the south aide of tlie La Trobe Valley. The 
liasalC of tbe Dargo and Bogong High Plains has been classed as 
Older Volcanic, because it immediately overlies sedimentaiy beds 
containing Miocene flora, aud its htbological character also justi- 
fies this elassification. Here we find many hundreds of feet in 
thickness of lava, for the most part uudecoraposed, aud often 
highly magnetic, showing, in many places, columnar structure in 
a marked degree. Portions of the plains where the rock is bare 
lesemble a pavement of five-sided hloeks! while, on the slopes 
below the escarped edges of the plains, acres in extent are covered 
with pentagonal columns of basalt like logs confusedly heaped 
together. 
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Similar outliers of basftlt, but of less extent, occur at 
Plain and Fullartoa's Spring Hill, both points on tbe Main DiTidi 
betiTeon tbe Gippaland itiiil Murray River basing, also to 1 
soutiiward at Mount Useful and Mount Lookout, the ranges b 
tween. the Aberfeldy and the Thomson, and between the Thomaof 
aud the Tyers Rivera. A very smaU outlier ocoura on the e 
slope of Mount Matlock, and other patches are found on the S 
era Spur, between the sources of the Tarra and those of ( 
La Trobe. 

The general evidence obtained from observation of the Oldj 
Volcania areas points irresistibly to the conclusion that I 
are remnants of extensive lava-flows which poured dovm 
valleys of the Miocene period, partially filling in the basins I 
covering the sedimentary deposits in them, and also spreading i 
wide layers over the beds of the estuaries and inlets. Subsequefl 
denudation has out through and destroyed the continuity of thai 
lava-flows ; new channels have been exuavated to lower 1< 
than the ancient ones, which they filled, and fresh accumujatii 
have in many places overspread them. 



Upper Tertiary. 



CHAPTER IX. 

Upper Tertiaiy Formations. Marine Beds. Fluviatile De- 
posits. Fossils. Vegetable, Marine, and Land Animals. 
Nereer Volcanic Rocks. Areas occupied. Points of 
Eruption, Post Tertian/ Deposits. Sand-dunes, 

Upper Tertiart. 
. Under this head are included alL aqueous deposits, marine or 
fiiiviatile, and associated lava-flowa, younger than the Older Vol- 
eanic, and older than the Newest Volcanic rocks, which latter are 
taken as the latest products of the Tertiary period; deposits 
newer than they being regarded as Post Tertiary and recent. 

On the geological sketch-map all the aquooiisly deposited forma- 
tions, newer than Middle Tertiary, are diatinguished by one colour, 
s Upper and Post Tertiary; but on the detailed geological maps 
re indicated -ft number of subdivisions into Older Pliocene, Newer 
Pliocene, Post Plioceae, and Alluvial. 

n some of the maps the reference of deposits to European equiv- 
alents has beea omitted, and the formations have been classed in 
their order of sequence as "oldest" and "older" gold drift, 
"recent" and " most recent," or in progress. In many places the 
lines of subdivision are clearly indicaffid by lava-flowa, by the 
character of the deposits themselves, and by the physical configura- 
tion of the country, but in others no such lines of demarcation 
exist. The classification of the deposits is the more difficult on 
account of the scarcity of fossils whereby the true positions in the 
Newer Tertiary series of any particular bads could be ascertained. 
Aa in the case of the Miocene or Middle Tertiary forroations, 
' we have, among those of the Upper Tertiary series, beds deposited 
by marine agency, and deposits clearly due to flaviatile action. 

'he marine Upper Tertiary deposits consist principally of fine 
and coarse ferruginous sandy beds, in some cases hard, in other 
Boftand friable, gravels, conglomerates, sands, clays, and mud 
ahales. 
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They are found resting on the Older Volcanic, the Miocena 
beds, or the Meaozoic and Palteozoic rocks, from the coa. 
the flauks of the mountntn eyat^ma, aad tip all the main valleys 
to elevations within 1,000 feet wbove eea-level; they also lie o 
the low epurs of the northern slopes of the ranges on the fslL' 
towards the Murray. They have been much denuded during Port 
Tertiary times, and are, consequently, wanting in many places, 
while in others they are covered by newer accumulations o 
Newer Volcanic lava-flows. 

A. great extent of country near the western boundary of the 
colony, along the Glenelg River, along the coast from the G!ene!g 
to Portlanil, and from Warmamhool to the Gellibrand, consists ol 
Upper Tertiary eaady deposits resting on the Miocene beds and' 
Meaozoic rocks, and passing under the Newer Volcanic rocks B 
the edges of the latter. Similar sandy and gravelly deptoeita I 
extensive areas, or large and small outliers, flank on all aides t 
Meaozoic ranges of the Cape Otway district, and of Western I 
and South Gippaland. ^Figa. 42 and 43.) 

Fio. 42.— Sectio^t of Pliocene Tbhtiary Beds at WbhtbTOt. 




b Wblte uid jeUaw els; with red Btsma. 

c Briok-red ludaisted teirn^ouB olOf. 

d Yellow aod red cli^. 

e Conne gnnltio detritus nnd brovn fcirugineua sand, very mlcaceoua, i 

and hud ferru^oua seams. 
S Evenly bedded, horisonUilly iBminar claj', fireyish-whlte and light-brown, flndj 

mlcacoiiie, resembling some decompoaed BQudui shales in chamcter. 
A Bine gteyiih-whlto clayey sand, 

( Variwrted Ufht-brown and whitish elay, contalnlnn nusjtz, pebbles, nnd sand. 
i QnnltlD detntDB and clay, variegaCed red, browD, and whitish. 
k VaiiegntDd elay, oeeaeiomdly sandy, white, llgbt-brown, bluish, and reddish. 
I OoDBOildated auid and clay, brown and white strcaki^. 

Ferruginous sandy and gravelly heds prevail along the eaat 
Port Phillip, from Melbourne to Frankston. Near Melbonri 
they ore seen in nntural section resting on Older and overlaid I 
Xewer Volcanic rocks. 
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On the northern fall from the Miiin Divide, and passing under 
the Post Tertiary deposits of the plains, are gra,vels and eonglora- 
irates, aome of which are too widely spread to be due to other 

Fio. 43. — Sbotion op Uppbb TBBTiARr (Oldbe Fliocbne) Beds ih 
BoBBDALB Crrriira (Main Rdid). 




rtara aoil. e Claj, with Im^ular [oirUKlnouB lands. 

6 Clay. d Una yelloiriali-whl(e lamiiuir clay or 
a Strvviflod (emiglnouB sandy bands. mud. 

d Famiginoue qnarti gravel, with clayoy e Femi^ooB sand, 

and sandy loJotB. / Bluish-white clay. 

than littoral mariae action ; among these are richly auriferous 
gravels and conglomerate 8. 

Fresh-water liraeatonea of Pliocene age occur near Geelong, 
and in other localities. 

The Pliocene deposits due to tluviatile action appear to be 
younger than some of those of the same period which are of marine 
origin, and k) be among the latest products of the epoch, though 
there is no doubt that the proceaaea to which their formation is 
iniraediatoly due began very early in, if not previously to, the 
Tertiary era. Theae ancient river deposits consist of gravels, 
conglomerates, sands, and clays, occupying channels in the older 
Tooks, and where they are worked for their associated gold arc 
bnown as deep leads. As followed downwards towards the sea 
or towards the Murray VaUey, they merge into wide-spread 
marine deposits, the margins of which mark the approximate 
position of the aea-board of the time when the lead channels were 
Docopied by rivers. T!io graveia in these old river-beds are 
ooTered by thicknesses of from a few to several hundred feet of 
newer aqueous deposit a, or layers of Newer Volcanic rock 
(baaalt). 

Where there are two or more distinct layers of basalt, there are 
:generally found interbedded between them deposits of clay, aand, 
fTavel, and ocoasioaally lignite of varying thioknesE (Fig- 4^0 
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The ile«p lenJs of Ballarat, Hadilon, and DaylesforJ are types 
of the lava-covered Uppor Tertiary fluvintile deposits, while the 
leads of Chiltern, Huntly, and 
DunoIIj are instances of those 
uovereil only by newer sedi- 
mentary accnmulations. 

Near Amiierst is a deposit 
(probably lacustrine) o£ infu- 
sorial earth, seventeen feet ij 
thickness, resting on basalt. It 
is composed entirely of thd 
siliceous stefetons of microa- 
copic animalcula: {Dialomacea) 
and is largely used in the n 
facture of dynamite. Further 
remarks on the Pliocene gravels 
will be found in connexion wi^ 
the subject of aoriferoua alln- 
vial deposits in a subsequent 
chapter. 

Among plant remaLns founSi 
in Upper Tertiary deposits aiai 
— Eucalyptus PluH (McCoy)^ 
and the various species of foBU^ 
fruit figured and described b)( 
Baron von Mueller, namely^ 
Spondylostrobus Smj/thii. 
matocaryon Mackayi, Trem 
tocaryon McLellani, Rhylidt^ 
theca Lynekii, Plesiooapparit- 
prisca, Celyphina MeCoyi^ 
Odontocaryon Macgregoriit 
Conchotkeca rotundata, Rhy-, 
Hdolheca pletoclinis, Penteune Clarkei, Penteune brachyclinia^ 
Penieune trachydinis, Dieuue pluriovulata, Ptatycoila SuU 
livani, Phy matocaryon angulare, Canckolkeca turgida. 

The principal marine Pliocene fossils flgul-ed and describad' 
by Professor McCoy are: — Molhisea. — Trigonia acuticostata- 
(McCoy), Ualiotis Noivosoides (McCoy), Cenfhium Fleming' 
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tonensis (McCoy), Waldheimia macropora (McCoy), Ditrupn 
fVormbetensii (McCoy), Lepralia Stawellensis (McCoy), Mieula 
2iartiice (McCoy), Tellina AV'aK«ei( McCoy). Mammalia. — Arcto- 
eepAalus Williamsi (McCoy), and Phyaetodon Bayleyi (McCoy). 
Among land animals of Upper Tertiary and Post Tertiary times 
are Diprotodon tongicrps (McCoy), D. Auitralis (Owen), 
Phaacolomys pliocenus (McCoy), Tkylacoleo carnifex (Owen), 
Macro pus Titan (Owen), Frocoptodon Goliak (Owen), 
Nototherium Sareophilus ur sinus (Harris), Dasyurus affinis 
(McCoy), Hypiiprgmnus trituleatus (McCoy), Canis dingo, and 
otters. Some of these appear to have hecome extinct at com- 
paratively very recent periods, wliile one, the Cania dingo, or 
native dog, is still in existence. 

Newer Volcanic. 

The basalts, or anamesite and dolerite lavas, familiarly known 
as "bluestone," occur in sheets or strips of varying breadth over- 
lying a large extent of the central western portion of Victoria, 
The great plains of the Western district, from Geeiong to Hamil- 
ton and from Colac to Ararat, are nearly wholly of volcanic origin, 
while most of the ancient river-beds or teada trending north and 
Bouth from the Main Divide are more or loss filled in and covered 
by lava flows which thoagli often confined between elevated 
Silurian ridgea nea he h Jy country, spread out and unite with 
the wide sheets thi con u o he plains. To the northward of 
Ballarat, portion of the Ma n D vide itself is of volcanic forma- 
tion, and a wide hee x end n^ to the north, and finally disap- 
pearing under the Post Te t a y deposits of the Loddon, covers the 
syetem of deep leads of Creswick, Chines, and Daylesford, on 
their trend towards the Murray. At Ballarat there are four and 
in other places two or three distinct layers of basalt covering the 
leads. 

The lowest overlie the deepest parts of the gnttere, and the next 
in succession spread more widely till, as may now be seen, the 
uppermost lava-flow forma a wide sheet, covering not only the old 
rivers and their tributaries, but also most of the lower ridges of 
Silarian rock which separate them. 

Throughout aU the Newer Volcanic areas are found the points of 
eruption wheuc? the lava streuma issued, manunaloid or conical 
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iuUa in maay of wliicli well formed crateT-basins still exist, while 
in others ttie crateriforra shape is still distinguishable though thft 
basin has been obliterated. Many of these extinct craters are 
occupied by lakes or lagoons, as Tower Hill, near Warrnarabool, 
which has an insular peak rising from the ceutre of the lake; 
Mount Eele, and other crater basins in the Western District, and 
Mount Mercer, south from BuaJnyong. Mounts Buninyong, 
Warrenheip, Pisgah, Franklin, and numerous other volcanic hills 
in the Ballarat, Creswick, Daylesford, and other districts, are 
familiar instances of points of eruption where the outlines of the 
craters are still discernible. 

Around nearly all eueh points are scoriaceous lavas and Tolcaoiit 
ashes, among which are irequcntly found ejected masses of oldef' 
rocks, from, mere dust up to several tons in weight. 

For instance, in the volcanic ash of the Anakies, near Geelong^ 
are found ejected blocks of granite. At Buninyong and Hardie'l 
Hill, to the south thereof, are ash beds, composed principally 
large and small fragments of slate and schist. In some places, 
on the Werribee Plains, near Mount Mary, the ash heda present 
stratified appearance, as though their materials had fallen into 
had been arranged hy water. It is probable that this may htt\ 
been the case, but there is no evidence of any very considerable si 
mergence since, as, had such taken place, very few, if any, of i 
volcanic hills, composed as they are of loose incoherent materii 
would have preserved their form as we now see them. It is pi 
bable, however, as suggested by Mr. Selwyn, that some of thi 
formed low islands in the Tertiary seas. 

Post Teetiakt. 

Tlie Post Tertiary deposits, or those which have been formi 
since the Newer Volcanic lava flows, consist of gravels, cla' 
sands, mud, loam, &c., and sometimes form very extensive 
of good alluvial soil. 

They rest directly on the Palteozoie or the Mesozoic locka, or 
Tertiary bods and volcanic layers, as the case may be. 

The surface deposits of the level plains around Sale, in Gippalwu 
and those bordering the Murray Biver, belong to this class, and 
not unfrequently to he found almost undia tin guish ably blended wil 
those in actual process of formation. The sand dunes and san< 
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rocks of the iathmuB between Corner and Sliallow Inlets, Capo 
Otway, and other parte of the coaBt-Une, are of Post Tertiary age, 
e of them being of comparatively ancient and others of quite 
recent Uate or even now in process of formation. 



Some of these consolidated sand-rocks show remarkable bedding, 
due evidently to the fact of their materials having been transported 
and arranged by the action of wind. At Warrnambool the 
Band-rocks present a regular schistose appearance, with a strong dip 
inland, as though they had been upttlted, bat in reality due to 
their having been formed by winds which blew the sand back from 
the coast-lice and deposited it in layers sloping at au angle of about 
30° on the inland slopes. (Pig. 45.) 

Many of the gold drifts are of Post Tertiary age, and consist of 
freshly denuded fragments from the Silurian and other rocks, or 
the re-distribnted materials of Tertiary gravels and other forma- 
tions in their neighbourhood that may have been subjected to den- 
udation, A few deposits of inferior lignite are associated with 
some of the Post Tortiary clays in creek and river flats. 
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CHAPTER X. 



Geological History during Tertiarjf Epoch. Erosion of 

Mesozoic Rocks. OUgocene Deposits. Miocene — Fuum^ 

Geographical Conditions. Miocene — Rivers, Lakst 

Flora. Volcanic Action. Pliocene Deposits. Marine* 

Fluviatile. Newer Volcanic Lava^oios. Basin of ¥a 

Post Tertiary Action and Deposits. Sand-dunes. Fatmi 

General Concluding Remarks. 

IndrawiugconcluBioness to the geological liistory of thiscountij 

during tte Tertiary epoch, the first fact to be observed is the 

enonnons denudation during Upper Mesozoic and Lower Tertiu] 

times, to which oil pre-existing formations must liave been 

jecteii before oTen the lowest Tertiary deposits found in Victorii 

commenceil to be laid down, Tiie Mesozoic rocks eapeeialiyap 

pear to have been entirely removed from large areas, and deep 

ehannela to have been eroded along their lines of junction wiB( 

other rocks. The sections obtainable in the Western Port anl 

South Gippsland districts show this beyond a doubt, aa ne fti 

that the great depression connecting Western Port with the Gipp 

land Labes has been eroded along the northern line of junction i 

the Silurian and Mesozoic rocks, the former prevaiUng on tl 

north, the latter on the south of the valley, though at ooe thi 

the Mesozoic rocks must have extended right across, where tl 

La Trobe and Lang Lang Valleys are now, and flanked to a o« 

siderable height the sonthorn slopes of the Silurian and grani 

ranges from Berwick to the Tyers River. On the souths 

boundary of the South Gippsland Mesozoic area a channel h 

similarly been eroded, where Corner Inlet and Shallow Inlet no' 

lie, along the line of contact of the Mesozoic rocks with ^ 

Silurian and.granitej so that the section across from Wilson 

Promontory to the north of the La Trobe Valley shows deeplj 

excavated channels at either side, separating the ranges com.po^ 

of Mesozoic rocks from the granite and Siiuriaa mountains to ti) 

south and north. (Fig, 46.) 



Fio. 46. 
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In the §ame -w&y the rocks of the Meso^oic ranges of the Cape 
Ot-wp-Y district have been, in a manner, ieolated from the older 
mountain miLseeB, which they ouce extended to 
And flanked. Such remnants o£ Meaozoic rocks 
as that near the Tyers River on the north of 
the La Trobe Valley show, beyond qnestion, 
that the Meeozoic rocks once flanked the slopes 
of the main mountain system. 

It is principally in hollows and channels 
eroded since the formation of the Sfeaozoic rocks 
that the marine Tertiary deposits hays accumu- 
.lated, though the outlines of such ciiamielB may 
have been formed at far earlier dates, and we are 
therefore forced to the conclusion that the 
natural operations which were in progress on 
what is now the Victorian land surface were 
.confined, during the latest portinn of the 
Mesozoic and the eorlieat part of the Tertiary 
periodsj to denudation and removal rather than 
accumulation of rock materials. 

The Mesozoic rocks thcmBclveB testify that at 
the completion of their deposit the land was sub- 
merged to a depth at least 2,000 feet lower than 
at present, even allowing (or tiie fresh-water 
origin of many of the beds. It can only be 
inferred, therefore, that towards the close of the 
Mesozoic period an upward movement took 
place, and that during long ages tho action of 
flnviatile and littoral denudation on a rising land 
surface sculptured and eroded the previously- 
formed rocks, and made inlets and straits near 
the coast line, insulaling such tracts as the Cape 
Otway and South GippeJand Ranges, and 
eroding river channels in the elevated country, 

With renewed depression commenced the 
deposit of the Lower Tertiary formations, and 
at that time the aspect and orographical con- 
figuration of the country mnst have been very different from 
what it is now. Western Port and the Gippsland Lakes wore 



122 Geology and Phynoal Geography. 

connected b; a strait, and another strait connected Port Phillip 
with Warmambool and Fortland, thus insulating from the main 
laud tho South Gippsland Ranges in the east, and the Cape 
Otway Ranges in the west. The Bea washed tho slopes of the 
main mountain systom frooi the Snowy River round to tbe baaea 
of the Grampians, estending in inlets up to Bacchus Marsh, 
Meredith, and the Leigh Eiver Valley, sud overspreading the 
greater part of the Western District and the low country 
bordering the Murray. 

During the progross of deposit of tho Oligocene clays, and the 
Miocene calcareous beds, uhell-fish in great variety of species 
flourished in tho seas, anil left thoir romatns to be entaml>ed in the 
sediments; huge sharks anil toothed whales lived, in tho waters; 
coral reefs fringed the coHsts, and furnished the materials for the J 
limestones. On the land we can also trace a di£rerent set of coa<j 
ditiona to those now observable ; the crest of the eagtern portionl 
of the Main Divide was further north, and the monntaina wera 
still very much loftier than now, hut more in the form of elevated 
plateaux, intersected by broad valleys and high ridges, and lea 
sculptured and abrupt in their conflguration than at [ 
These oonclusiona are based on t]je appearance of tha vestige^ 
which remain of the river deposits of the period, such e 
gravels Iieneath the basalt of the Dargo High Plains, and othef 
places along the Main Divide, which unmistakably indicate tbaJ 
the streams which deposited, them had their sources much furthof 
north, and, consequently, that the Main Divide of that period wai 
further inland than the present one. 

It is noticeable that the High Plains foiiuing portion of thu 
Main Divide, lying between the Dargo and Cobungra Rivers &ada 
Connor's Plain, between the Macaliater and Goulburn Rivers, a 
now among the highest portions of the Main Divide, yet thej 
represent portions of what were mounlain valleys during the* 
Middle Tertiary epoch. (Fig. 47.) 

The vegetation was tlien of different character to that now 
flourishing in Victoria. Instead of the now prevailing species of _ 
eucalypts, lauraceous trees of various species appear to have pre 
lominated, the fossil leaves of the Dargo High Plains and Baochui 
Marsh being, as described by Professor McCoy, of that class 
Professor McCoy also remarks, with reference to one of the fossiU 
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leaves {SalUburia Murrayi (McCoy), from the Dai^o High 
Plains, that it is noarly alliod to botuc Miocene forma from tha 
Arctic regioua. Lakes occupied liroiid hollows aloog the rivBT 
courseB, and iu them deposits of lignite, clay, sand, and mud were 
accumulated. It is impoBKiljle to say what part, if any, 
played hy terrestrial glacial action during this period, but the width| 
of the old river deposita, aud the character of the materials, indi- 
cate largo volumes of water as having acted in their transport ani 
arrangement. This, taken iu conuesiou wjth the fact that 
monntaina from which the rivera rose wore very much higher t 
thoHe of the present day, juatiiics the belief that the loftier Bummils. 
■wore capped with anow, and that glaciers existed in the higlier 
ravinos. The absence of ice-grooves in the rocks has bean 
adduced aa an argument against this conjecture; but when it a 
considered that the rocks have since been denuded for man]' 
hundreds, perhaps thousands, of feet helow what was their 
in those times, and that consequently any ice marks must hai 
been wholly obliterated, the objection ceases to carry mQ( 
weight* 

Towai-ds the close of the Middle Tertiary period volcanic w 
took place, and lava-flows poured down the river valleys, filling 
or partly lilling them in, and covering the deposits in their beda 
spreadiag in wide layers over the lake deposits, and also party 
filling up the straits or the estuariea along the coast, and cover 
the ac cumulation a formed in them. Tiiis action appears to hav 
been confined to the country lying eastward of the meridian ( 
Geetong, as there are no visible Older Volcanic rocks i 
Western district, or the country from Biillarat to Maryborough. 
Several old river systems of tlie Middle Tertiary period, markfl 
by the now disconnected vestiges of the lava-flows which fille 
them, are traceable from the eastern part of the colony round f 
Melbourne. 

A few vestiges oa the ranges or on their slopes show whei 
valleys once existed between the Mitchell and the Snowy Bivei 
The lava of the Dargo High Plains, to a thiekuess in some plat 
of 80O feet, covers the deposits in the valley of an old river, wht 

" Recent observers. Dr. von Lendenfeld and Mr. James Stirling, be 
observed what they regard as diatiuct traces ai glacial atition among 1 
higher portions of the AustralitUi Alps. 
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bad approximately the eame con 
farther to the north-east, and 
"whoSQ outlet was about where 
the Mif<;hell River now enters 
the plain country. The basaltic 
plateaux o( Conuor'a Plain, Ful- 
larton'a Spring Hill, Mount 
UaefiiJ, Mount Lookout, at 
AberfeMy, a patch on the east 
aide of Mount Matlock, and a 
basaltic area overlying gravelly 
deposits south of Mount Baw 
. Baw, between the Tanj'il and 
Tyera Rivera, indicate a river 
Byfitem whose ootirse partly cor- 
responded to that of the Thom- 
Bon River, but whose sources 
'were ftirther north than the 
present Main Divide. Similar 
belts of Older Volcanic rocks, 
underlaid hy gmvels, indicate £ ^ g 
the existence, during Miocene k >£: 
linaea, of rivera rudely t-orre- _g ^ 
aponding to the present Tanjil, g a 
La Trobe, and Titnvin Rivers. "g 
A succession of similar patches § 
from Hoddle's Creek to Mel- ^ 
bourne indicates the ancient 
course of a river corresponding 
to the Tarra. (Fig. 48.) 

The wider areas of Older 
Volcanic rock around Neerim, 
Brandy Creek, Weatern Port, 
Batman's Hill, Emerald Hill, 
and North Melbourne, mark 
where the lava-fltiws of the 
period filled in lake^ and estu- 
aries to the depth in places of 
htmdreds of feet. 
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It is uncertain to what eslent some of these last-meutioned pop 
tions of the Miocene lava-flows whicb now constitute land surfaa 
may have flowed over whiit were at tliat time subm 
That Euch was the case Id many places is evidenced by th 
oceasjonai layers of lava found intervening between marine & 
deposits. It may be aurraiHed, however, that any of our Oldei 
Volcanic rocks, within 500 feet of present aea-level, were in 
probability spread oat under water. 

Connected with the volcanic activity of the period, hydrotbem 
action, or the agency of heated waters, probably charged wi 
siliceous matter, appears to have been busy, and to have inl 
the tranamutaiion of gravels, sand, clays, infusorial earth, s 
other deposits into flinty siliceouH rocics and hard conglomerates. 

Wherever the Middle Tertiary valleys were filled, c 
filled, with lava, a diversion of the courses of the drainage chaniu 
was caused thereby, and, as the work o( denudation proceeded il 
eabsequcut ages, new rivers cut their chaunels to deeper level 
than the former ones, entirely reinaviag some portioos of the old) 
gravels and their superimposed lavas, and leaving others staodio 
in the form of eievaled plateaux and ridges. In many places 
sites where the Miocene streams found their outlet to the sea I 
Urns been obliterated by the entire removal of the lava, the gravd 
beneath it, and also a considerable tluckness of the subjacent bed 
rock. Thus, it may now be observed, that that portion of tW 
Southern Spur from Neerim to the low saddle between the Mofe 
and Lang Lang Rivers consists of older basalt, which covei 
Bedimentary deposits, showing that the watershed line of 
Southern Spur was not, during Middle Tertiary times, ii 
same position as wo now see it ; and, in fact, it is the rule r 
than the exception, that where remnants of lava-capped Wddj 
Tertiary fiuviatile deposits are found at any considerable elevataoi 
above sea-level, they form the upper portions of eminencea fa 
above the beds of existing streams. The following extract fi 
the work of Professor Jukes (Manual of Geology, 3rd editiol 
page 620) is interesting as being descriptive of geological phem 
mena in Britain analogous to those which form a very n 
feature in Victoria : — 

" Another and striking piece of evidence {i.e., as to th 
continuance of volcnnic action during Miocene times among ti 
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fiebridee) is given by the well-known Sciir of Eigg. That island 
consistB of nearly horizontal sheets of basaltic rocks, like thoae of 
Mull, resting unconformably upon oolitic rocks. After their erup- 
tion, they must have been long exposed to the wasting agencies of 
the atmosphere. A valley was cut out of them, and its bottom 
was watered by a river which brnagbt down shingle and sand 
from the distant Cambrian mountains of the north-west. These 
changes must have demanded a lengthened lapse of time, yet they 
took place during an interval in the volcanic history of the island. 
The igneous force which had been long dormant broke out anew, 
Sod poured several successive cow^^es of vitreous lava (pitoh-atone) 
down the river-bed. In this way the channel of the stream came 
to be sealed up, hut the same forces of waste which had scooped 
out the channel continued their operatious. The bills which had 
bounded ihe valley crumbled away, and the lava currents that 
filled the river-bed, being much harder than the surrounding rock, 
were enahled in a great measure to resist the degradation. Hence 
the singular result now appears that the former hills have been 
levelled down into slopes and valleys, while the ancient valley 
oGcapies tho highest ground in the neighbourhood, and its lava 
current stands up as tho well-known precipitous ridge of the Sciir 
of Eigg. The gravel and drift-wood of the old river-bed are still 
to l>e seen under tho rocks of the Scilr." 

After the pouring out of the Older Volcanic lava-flows, a partial 
Bubmergence appears to have taken place, as we find marine 
deposits of the Upper Tertiary or Pliocene period fringing the 
country, and often overlying the Older Volcanic rocks up to 
elevations of nearly 1,000 feet. 

The sandy ferruginous beds of Tom's Cap, in Gippsland, and 
those extending from Melhoume to Frankaton, belong to this 
class. 

This would appear to have been the last important downward 
movement of the Victorian land, which seems to have subsequently 
risen gradually with a few minor oscillations to its present status. 

The upper portions of the rivers which formed the deep leads 
of the western section of tho colony — such as those of Ballarat, 
Baylesford, &c. — of the Upper Tertiary epoch, were probably 
flowing contemporaneously with those of the Miocene era, but not 
being filled by the Older Volcanic lava-flows, held their course 
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imintemiptedl^ to a later date. The mountaine in those localil 
were, aa elsewhere throughout the colony, loftier than they 
now, anil tho sea was nonrcr to their bnsea. A)< the land i 
after the last Upper Tertiary Bubmei'genco, the rivers continued 
erode their couraes deeper, cutting through the Older Pilot 
marine deposits deep into the Silurian bed-rock, their con 
lengthening and their rate of decline decTeaaing as their soul 
became lowered by denuda,tion and us the emergence of the Uni 
caused the retreat of the seas into which they emptied themselve& 
The accompanying table, previously published in tho Greologiorf 
Progress Report No. VI., is anbjoined, aa conveying some idea 
, the operatioue at work during the Tertiary period in different 
parts of the colony: 
Table showing Geological operations, probably contemporane- 
ously, in progress in the Ballarat and Gippsland diatriets 
respectively, during the Tertiary epoch ; — 

BALLARAT. | GIPPSLAND. 

Lower Tektiaky (Eocene and Olioocbne). 

Comitrymore deeply depreased below sea-level tbanat present, and 

line nearer to the bases of the billy cuuntry. The mountaiuB less denuded^ , 
and consequently higher than now. Marine deposita in progress i'"" 
coasts. General atmospheric and fluviatile denudation on land. 
Middle Tektiaky (Miocene). 
Marina deposits in progreas abng coasts. Probable oacillations o£ 
Borface aa regards sea-level. 



Atmospheric and fluviatite ant 
as before Lakes in existence 
which bgnite depcaits accumulat 
Lava-flows of Older Volcanic b 
place, filling in the greater niunl 
if not all, of the val&ya and depi 



Atmospheric and fluviatile action 
on land as before. Lakes in eiriflt- 
ence in which lignite deposits ac- 
cumulated. Lava-flowH of th^ Older 
Volcanic period t^iok place, bu( not 
in the immediate neighbourhood of 
Ballarat. 

Upper Tebtiaey (Pliocene). 
Lome!- Ptiocejte Period. 

OBoillations of land aurtace aa regards sea-level, the country being at 
time depressed by about 900 feet lower tlian now below sea-level. Mil 
formation in progress along coasts to that elevation above present Ma-Is' 



Rivers eroding their 
deeper than before, cutting through 
provioualy-depoaited gravels, and 
leaving remnants of them on slopes. 
General atmospheric and fluviatile 
action as before on land surface. 
Towards the close the first lava- 
flows of the Newer Volcanic period 
took place, partly filling in the val- 
leys, 



Fluviatile and atmoapherio a 

mencing to cut new ooursM I 
and through the Older Vol 
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R AT.T.AR AT. | GIPPSLAND. 

UppfT Pliocean Period. 
Gradoal rising of land aurface. Marine and estuary fomiationB in pro- 
gresH on receding c< ' " 



Fluviatile end atmoBpheric action 
continued. Kivera cutting deepe~ 
and, in the tiigher country, t( "" 
the level of the ai ' ' ' 



obel^w 



Alternate lava-flowH and aedimen- 
. tary deposits, the last flows covering 
and nearly obliterating the ancieot 
Srsiinage lines, after which rtvera 
began to cat new coarseB through 
the basalt. 

Post Tertiabv. 

Retenl ami Moat Recent. 

Flnvistile and atmospheric action Flnviatile aiid atmospheric action 

continued. Rivers cut their way continued. Rivera eroded their 

through the lava-Gows down to their courses to preeent depth. Deposits 

present heda, forming alluvial flats of Gippalarid plains QOmpleted, and 

m at present. lower Sats aoA morasses formed 

along margins of rivers. 

The Newer Volcanic lava-stroama which poured from so many 
points of eruption throughout the western part of the colony 
partly or whoiiy filled up and concealed the rivers of the period, 
forming wide Birips occupying the valleys from side to side in the 
I hilly ureaa, epraading in broad sheets over the lower lands, and 
forming the great basaltic plains which constitute so imporiant a 
feature in this country. 

The occurrence at Ballarat of four distinct layers of basalt, 
separated from ooe another by tolerably thick sedimentary aceu- 
mnlations, shows that a very long period must have elapsed from 
the commencement to the close of the Newer Volcanic period. 

The basin of the Yari'a affords an illustration of the successive 
effects of the agencies, both aqueous and volcanic, which were in 
operation during tlie Middle Tertiary and Upper Tertiary periods 
respectively. 

We have in the remnants of Miocene gravels, covered by 
patches of Older Basalt, at Hoddle's Creek, and from there to 
Lilydale, at the Kangaroo Ground, an<] near the Saltwater River, 
the vestiges of a Miocene river system, draining approximately 
the same couutry as tbat now traversed by the Yarra and its 
tributaries, the Plenty and tlie Saltwater Rivers. 

That the mouth of this old river was in the vicinity of Mel- 
bourne is shown by tbe Older Basalt occurring from Emerald Hill 
to Flemington, and evidently fiUing in an estuary of the Middle 
Tertiary period, though the connexion of this basalt with the 
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patches up tbe Yarra Valley has been severed by subsequent 
deuudiag actiou. Tbe partial filling up by Older Volcanio lavfr- 
flows of the river course, and the ehangea effected by littot^ 
action daring the earlier Upper Tertiury submergence, caiued 9 
fresli channel during l&ter Upper Tertiary times to be erode 
along a different, course deeper into the Silurian rocks than th« 
previous stream. This channel was in its turn partly filled in by 
the Newer Volcanic lava-flows along the edges of or througli 
which the present Yarra in the vicinity of Melboorne now^ w 
This basaltic strip lies between the hills of Northcote on the ost 
side and Kew Asylum on the other, and thence passes by Han 
thorn and Richmond, between Jolimont and the Treasury garden) 
on the north-east, and ' the Government House domain on thj 
feouth-west. It undouhteJly covers aw ancient river bed coi^ 
forming to the Yarra, and holding precisely the same relation t 
that river as the main trunk lead of Ballarat and Sebastopfl 
does to the present Yarrowee River This Idva-ftow, tbougi 
covered with alluvial deposits below Prince's Bridge, is no donb 
connected beneath those deposits with the wide-spread flowB d 
Footecray and Williamstown. 

Thus we have brought into juxtaposition in the Yarra bari 
evidenceB as to the fluviatile and volcanic operations of the Mii 
cene period, which are most extensively developed in Gippslaiil 
and the similar operations of the Pliocene era, of which dl 
Ballarat leads are the typical representatives, 

Changes with regard to the position of the month of the Vail 
have evidently taken place within comparatively recent times. ] 
ia very evident that at one period the course of the river trendy 
from where Princes Bridge now stands, in a direction possln 
between the Barracks and Emerald HiU, and over where ill 
Albert Park lagoon now lies, and that the outlet of the river ■^ 
between Emerald Hill and St. Kilda, The erosionof a ch&oni 
between Emerald Hill and Batman's HiU and the junction i» 
that means of the Yarra with the Saltwater River ranst have be« 
effected long subsequent to tbe outpouring of the Older Yolcaui 
lava-flowi. 

It may be noticed that some of the species of fussiUniit4l 
flcribed by Baron von Mueller are common to lioth Mioc«n 
Pliocene drifts, specimens having been found in the gravels beneall 
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Older Basalt at Tanjil precisely iilentieal in species with some 
obtained from the lead-gravela beneath newer basalt at Haddon. 
s teuila tu show that some of the Miocene types ai flora con- 
tinued to fiouiiah during Pliocene times. 

I some of the Upper Tertiary clays of Dayleeford, however, 
eucalyptus leaves, akin to the present vegetation, are found in a 
fossil state, thus showing that at eome period during Upper 
, Tertiary times the pre-exiating Miocene flora waiS superseded by 
one of a type Himilur to that which now doiirishea. 

Post Tertiary and recent action has developed the existing 
physical configuration. The present streams cut their way along 
iross the lava-sheets, sometimes adhering approximately to the 
' old lines of drainage, and sometimes establishing independent 
courses. la some places, as near Daylesford, the existing streams 
eroded thtir courses through, and to a deeper level than, the upper 
portions oC the Tertiary rivers; in others, as atBullarat, the latter 

e hundreds of feet below the present watercourses. To action 
which took plate during Post Tertiary times ate also due the 
surface layers of the great plains of the Murray, Gippsland, and 
other ion lying tracts. 

The sand rocks of Post Tertiary age along portions of the coast- 
line, as at Warrnumbool and Cape Otway, are aerial deposits formed 
by the action of wind blowing sand into dunes and hillocks which 
subsequently consolidated owing to the presence of calcareous 
natter derived from the shell fragments- associated with them. 
These rocks have been partly denuded, and their materials are 
in course of fresh distribution by every wind. In soma 
places the sand is encroaching on and covering large areas of what 
in my own recollection good pastoral land. The method 
4>f deposit in sloping layers, the variations in direction of the 
^opes, the ribbed appearance due to certain winds, and the iuter- 
^xture of shell fragments, can all he observed, and to such 
Action we can infallibly refer the origin of the consolidated 
1>eds, to which the operations now iu progress present an exact 
Donnterpart. 

Though, geologically, the deposits since the newer lava-flows 
kre of very recent date, the time that has elapsed since volcanic 
iction entirely ceased must be very great, as may be seen by the 
^pths to which the present watercourseri have cut their way 
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through layors of hard basalt deep ioto old^r rocki<, and bjr A 
deposilawhiL'h have since accumiilatei! in low-lying traci 

It is interesting fai consider the character of the fanna whio 
flonriahed in Victoria and Aastralia gcuerally during Upper, t 
even Poet Tertiary tiinee. The fossil remains found are those c 
animals of genera analogous to those now existing, bat of vastlj' 
■ greater size. ThoDiprotodoE, for instance, is described by Profeasof' 
McCoy as having belonged to the same family ns that now repF»> 
aented by our native bear or sloth; but the size of the bones fooni 
indicate that the animal was about 10 feet in length and 6 feet it 
height, aud was able partly to gnaw and partly to tear down large* 
sized trees for the purpose of feeding on the leaves. Variola 
gigantic representatives of the kangaroo tribe, some of thed 
approaching 20 feet in height, inhabited the conntry, and the maf 
eupial lion, an animal akin to our small carnivores, but equal il 
size to an ordinary lion, preyed upon the huge veget»bie-e»tim 
denizens of the plains and forests. 

The present age is essentially one of denudation as regards tbl 
land enrface of Victoria. Yeariy, daily, hourly, solid matter, Ji 
being carried away from our mountains, and though some oFi 
finds a temporary resting-place on the low lands, the general bSm 
is loss of such matter by its being carried away to form i 
deposits in the ocean bed. 

The general conclusions which suggest themselves aa to 
Australian Cordillera are that, in Lower and Middle Faleosoi 
limes, a continuous land surface, approximating in general d 
tion to the present mountain system of Australia, extended fi 
New Guinea to Tasmania ; that thoporlion of the Victorian Mai 
Divide, from St. Clair to the Grampians, was a great lateral spi 
from the Main Chain ; that during the Upper Palreozoio or LoW 
Mesonoic periods a strait was eroded to the south of where d 
La Trobe and Lang Lang Valleys now He, thus breaking the cffl 
tinuity of the land surface between Australia and Tasmania; thj 
subsequently to the deposit of the Victorian Me.sozoic rocks S 
and the filling up thereby of, that strait, a fresh one w 
further south, between Corner Inlet and Tasmania; that the pn 
sent irregular aud sinuous course of the main watershed line is 
to the Bucceasive denuding agencies which have been at work s: 
the continent first appeared as a laud surface, and that tha 
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forces have from time to timo been modified or altered in their 
direction by the aedimentarj rocks deposited in later times, during 
periods of submergence, or by the products of volcanic action at 
various epochs. 

It would be tedious to attempt to describe all the cases where it 
is evident that portions of the crest of the Cordillera were once in 
difierent positions to the present line. Enough instances have 
been already noticed in this work to indicate some of the 
alterations that have taken place — the incalculable abrasion and 
degradatiou to which the ancient rock foundation and subsequent 
formations have been subjected, and the immeasurable lapse of 
time that must have l>eeu occupied in bringing about the present 
configuration of tiie country. 

Difficult ae it may he for the human mind to realize, the truth 
of the main priaciplea enunciated by the late Sir Charles Lyell, 
and in which he has been followed by other eminent geologists, is 
atrikingly evidenced ia the geological phenomena observable in 
Victoria, which indicate — that to such slow action as wo see now 
in progress in this and other parts of the world, varied by periods 
of greater or less intensity, changes of climatic conditions, gradual 
alternate submergences and risings of the land surface, and other 
oatural causes, with occasional abnormal or cataclysmic move- 
ments, ail our varied rock- formations and the alterations in the 
■physical structure of the country from the remotest geological 
epochs to the present day may be confidently ascribed. 
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CHAPTER XI. 

l>i/ke Slones. — Various Geological Ages. \st Group, Ncn-i 
auriferous; auriferous, 'ind Group. 

DylcGB of igneona rocks showing an iafiuite variety of miner&tfl 
Btnicture and corapoattion intersent the Pstaeazoic and MeBosotofl 
rncka in the form of injected wall-like niBBses of from a fei^'l 
inches to hundreds of feet in thickness, and are Bometimea | 
traceable for manj milca, either coDtiniioualy or by dieconneci 
outcrops Id some defined bearing. Some of these djkes i 
evidently products of Plutonic action duriiig Polieozoic timesy 
while others have been injecled since the MenoEoic period, ai 
there is a marked difference of mineral composition between t1 
dyke stones of the two periods. The first group comprisea I 
uumeroua varieties of granite, sjeoite, quartz-porphyry, felsite-l 
porphyry (elvanite), gabbro, greenstone, diorite, &c.; while thflff 
second or more recent class consists of rooks of a btiaaltiag 
character, anaraeaite, anaraesite-porphyry. basalt, lava, i 

1st group. — Intersecting the grunite masses throughout tbel 
colony are numerous dykes of very fine-grained gi'anite. binary or 1 
half-granite (aplite), eurite, and occasionally achorlaceous granite. I 
Granite, half-granito (aplite), syenite-granite, ternary 
quaternary, granite-porphyry, syenite-granite- porphyry, felspi 
porphyrite,felsite,fel8ite-porphyry (elvanite), and qnartz-porphyi 
in an infinite variety of composition and texture occ 
traversing granite, metamorpbic Lower and Upper Silurian rockBirl 
In different portions of any one dyke considerable diversities of| 
composition and texture may be found. Detailed deacriptioiia b 
Professor Ulrich of tj-pical specimens of these rocks will be foim 
in the descriptive catalogue of the Industrial and Tecbnologioat>l 
Museum. 

These dykes do not appear to possess other than scientifiofl 
interest, not being, as far as has yet been asceTtained, in any markeif I 
degreei connected wirh the auriferous character of the quarts- 1 
reins in the rocks which ihey intersect. According to Professor I 
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Ulrich'a deflcriptions of the above-named varieties the predominat- 
ing felspar in all of them is orthoclase, and though hornblende 
occurs eometimes as an accessory mineral, and contributea the 
syenitrc character, it is not a prevailing ingredient, and frequently 
occurs only in certain portiona of dykes which elBowbere do not 
contain it. 

Oa the other hand, the dykes of diorite and allied rocks are 
described by Professor Ulrich among " rocka in which the pre- 
dominating felspar is triolinic(plagioclaae),"as being "essentially 
compounds of oligocluae and hornhlende, occasionally associated 
with quartz and mica," and " also known under the general term, 
' Greenstone ' — Hornbleiidic Greenstone, in contradistinction to 
the Augitic Greenstone (diabase), not yet observed in Victoria." 
These dykes, which will be further referred to in the chapter on 
auriferous reefs, &a., conslititte marked and highly important 
ing featiiroa in the great central mass of Upper Silurian 
ntry between the meridian of Melbourne and that of the 
Macaliater River, as with them are associated many of the aiirif- 
eroua quartz veina of that tract of country. They vary from a 
few inches to several hundred feet in thickuesB, and sometimes this 
Tftristion takea place snddenly, as in the case of the Morning Siar 
Dyke, at Wood's Point, which in one place suddenly expands from 
» few feet to nearly 300 feet in width. These dykes run some- 
times with and sometimes across the strike of the Silurian rocks; 
tfans, for instance, in the Walhalla and Wood's Point district they 
xun north-westerly with the strike of the Silurian strata, while in 
the Alexandra district they have a direction often nearly east and 
■west at right angles to, or obliquely across, the strike of the 
Silurian rocks. They are sometimes found rising iu pinnacles or 
shoots at intervals along some general course, with only the 

track " of a line of fissure between. Near the surface they are 
usually soft and decomposed into a brownish earthy rock; but, aaa 
.general rule, become hard and nndecomposed at any considerable 
depths. In mineral composition and texture great variations are 
.frequently observable at short distances apart in the same dyke. 
-Some are coarsely granular and highly hornblendic, or with 
hornblende and felspar distinclly recognisable; otbera are almost 
itureless (aphanitic), or felstone-liko in their character- 
.Qnoting from Professor Ulrich'a notes ia the Technological 
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Muauem Catalogue — " The extensive dyke of Gafibey's Creet.and, 
in a less degree, the dyke of Cohen's Reef, are in some parts dii- 
tinctlj crystalline granular, i.e., show a granitic teKtiire, with 
triclinic felspar and hornblende plainly percepi.iblo, whilst for Che 
greater part opened they are micro -crystalline granular, a.ppareDtlj 
quite dense, light greeni'ih grey — felstone-like — with neit 
bonibloade nor felspar recognisable. In fact, if it was not 
the occasional changes in texture and composition jnst mentioned, 
the rock would sooner he taken to be a true felstone than I 
belonging to diorite, representing the variety felspathic diorite* 
apbanite. A fine illustration of both a testural and miueralogical 
change combined is exhibited by the dyke on which the Thomaon 
River copper mine has been opened. The copper-ore-bearing part 
is here a coarse granular highly hornblondic diorite — in fact, 
nearly pnre hornblende rock in places — which forma 'shoot-like' 
l.be northern termination of the dyke, whilst southward in etrika. 
it changes within a very short distance through finely granular to 
a nearly dense highly felspathic aphanit«, closely resembling t 
rock of the Cohen's Keef and Gaffney'a Creek dykes juat spoksB 
of." 

Besides their ordinary constituent minerals these dyke stones utt 
frequently more or less densely impregnated with copper, iroafi 
and arsenical pyrites, evidently the products of natural chenaicutl 
action subsequent to the injection of the dykes. 

All the dykes of the first group comprising the orthoclase I 
plagioclase felspar divisions are pretty clearly of Falfeozoic Sigt^ 
and the portions we now see at the present surface may have b 
perhaps thousands of feet below the surface at the lime the dykai 
were injected, owing to the vast denudation that has subsequent^ 
taken place. 

2nd group. — The dykes of the second group are all more i 
less of a basaltic charactor, reaembhng the Older and N^ewer 
Voieanic basalts. They arc found intersecting the Mesozoic rocb 
of Bacchns Marsh and Western Port, frequently accompanyii^ 
faults in the last-named locality. The " lava-streaks" of Sandhurt 
are simplv basalt dykes, the rock of which differs little, if a — 
thing, in composition from the Newer Voieanic basalt of 
plains, except in being generally decomposed to a soft soapy clay. 
These dykes are to all appearance of Tertiary age, and do not 
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appear to be in any way connected with the auriferous character of 
the lodes which they intersect. With respect to origin, many of the 
dykes of the various classes referred to, especially the non-aurif- 
erous of the first group and the lava dykes of the second group, 
are clearly of Plutonic origin, i.e., they were injected in a molten 
or plastic condition, as evidenced by the alteration of the rocks 
which they traverse at the planes of qontact; but in the cases of 
most of the auriferous dykes examined by me, and notably the 
typical one of Cohen's Reef, at Walhalla, all signs of contact 
alteration are absent, the planes of demarcation between the dyke 
stones and the containing slates are clearly defined; and yet there 
is no visible sign of alteration in the latter, such as would naturally 
haviB been eflected had the dykes been injected in a molten state. 
I am led, therefore, to the belief that such dykes were in great 
measure the products of hydrothermal action, and that when in- 
jected into the fissures of the Silurian rocks they were rather in 
the condition of super-heated mud than of actual fusion ; that 
their development was due to mixed mechanical and chemical 
action, differing from the distinctly mechanical intrusion of the 
molten dyke masses on the one hand, and the chiefly chemical 
deposition of mineral vein-stones on the other. 
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CHAPTER XII. 

Auri/erous Quartz-veins in Lower and Upper Silurian 

rocJiS. — Auriferous belts. Modes of occurreTice of Gold. 

Other Minerals. Theories as to the formation of Quariz- 

veijia. Nuggets. Auriferous character of Lodes at great 

depths. I 

Adriperods Quartz -veih 8. ■ 

In the precediug portion of this work no notice has been giv^U 

to the auriferous veins, lodee, or reefs of quartz which form 80 

Biguificant a feature in the geology of the Silurian rocks, and 

which now, and will for a long time to come, exercise bo impoia 

taut a prtkcticai bearing an the prosperity of Victoria. R«marlH 

on this subject have been purposely deferred to the concludinj 

portion of the work, ao as to admit of the discusaion of ihd 

atiriferons quartz-lodes in their scientific and practical aspect, ifl 

the light of what has already been said on the general geology sB 

the country. It is unnecessary to descrilw all the varioas formn 

and combinations in which lodes or veins of quartz occur; tbM 

principal have been already described in the numerous publications 

issued by the Mining Department, and it is enough to say that itfl 

every district, in every line of lode, and in every mine, differenofld 

may be observed, due, no doubt, to local conditions present at tlifl 

time the veins were being formed, or to some subsequent moT^J 

menta and displacements of the rocks coutainiug them. In fan| 

no two lodes are alike exactly, any more than two trees, thoD^H 

in general features a certain resemblance to a greater or ifl^| 

degree is traceable. fl 

A marked diflerence, however, may be observed in some respeefl 

between the reefs traversing Lower Silurian and those intersectfiifl 

Upper Silurian rocks. In the case of the former, the veins triM 

verse the rocks themselves, and, where dykes of igneous roi^H 

occur, these are usually found — as evidenced by the fact of thdfl 

occasionally intersecting the quartz-veins — to be of more receiiil 

date than the latter, and, though frequently of value as guides td 
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1 any way inflneneed the 



the miner, they do not appear to hove i 
auriferous quality of the quartz. 

In the Upper Siiiirian rocks, the anriferoua quartz-veinB very 
frequently are found to trnverse, accompany, or intersect from side 
to eide, dykea of diorite of older date than themselves, aud with 
tte presence of which their auriferous quality appears to be eloaely 
associated. 

In the Lower Silurian rocks, the general features are the same 
fljroughout, though each district exhibits special peculiarities. 
The lodea or veins of quartz, from the thickness of a knife-hlaile 
to that of scores of feet, traverse the rocks, uauaily in directions 
eoinciding with the strilte of the upttlted strata, hut Hometimes 
crossing it horizontally, ohliquely, or vertically. They exhibit 
tbe same variations as do other mineral lodes, swelling alter- 
nately into thick masses and dwindling to mere threads, or 
disappeariug entirely either in a vertical or horizontal direction, 
holding evea untiifiturbeil courses for loug distances, or broken 
and diaplapcd by faults or slides, forming "saddle reefs," as in 
the Sandbiu'st <listrict, and dipping to the north or south in their 
lines of strike; or flat reefs, as at Stawell, and holding courses 
independent of the strike and cleavage of the containing rocks. 
In the Upper Silurian rocks some reefs occur similarly to those 

n the Lower Silurian, but they are, as before stated, very fre- 

[uently associated with diorite dykes, in or with which thoy occur 

Q every conceivable variety of form — 

«companying the dykes on either wall, i 
directions parallel with their courses; as vertical to nearly 
liorizontal veins crossing the dykes from side to side, hut not 
Extending into the Silurian rock, or only to short distances; aud 
As irregular strings, veins, and bunches. 

Throughout both Lower aud Upper Silurian areas the aurifer- 
Wis reefs, whether traversing the rocks themselves or the intrusive 
diorite dykes, occur'in Ions belts couEorming generally in direction 
to the strike of the Silurian strata. 

Within each belt are a greater or less nnraber of different lines 
of quartz reef, and between the helts are varying widths of country 
in which little or no gold can be found, though the rocks are of 
the same character, and the quartz reefs as i 
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Certain portions of the belts are richer than others, and iaterrtlq 
or breiiks oouur along them, where they appear to be non-anrifer- 
onsj hut wheii the different proved auriferous portions are niarkal 
on a map, their occurrcuce within tolerably well-defined parallels 
becomes very noticeable, and affords numerouB suggestinns for 
further exploration in search of both quartz and alluvial gold- 
workings. 

The anriferouH belts are, as far as lias been proved, narrower, 
and further apart, and the lines of quartz reef fewer iu number, 
and, ns a rule, smaller in size, in the Upper than in the Lower 
Silurian rocks ; but, on the other hand, the average yield of gold 
per ton of quartz fi'om the former has hitherto considerably ex- 
ceeded that from the latter. 

Another circumstance may here be noted, namely, that all the 
largest nuggets obtained in alluvial workings have been founil 
where Lower Silurian rocks prevail. I am not aware of any 
nugget greatly exceeding lOOoz. in weight having been found i» 
any of the Upper Silurian gold-workings to the east of a line fi 
Melbourne to Heathcote. Though this remark applies spe<^llj 
to alluvial workings, it may also be extended to quartz reefs, 4| 
larger masses of native gold bave been found in reefs traversin 
Lower Silurian rocks than have been discovered in the Upp( 
Silurian quartz -veins. 

The forms in which gold occurs in the reefs are various, 
sometimes evenly distributed through the stone, but is 
frequently confined to some particular band, either on the foot | 
hanging wall, or, more rarely, in the central portion of the ■* 
lode. The auriferous portions of the stone in some places ti 
the form of irregular disconnected patches, in others well-defint 
zones or " shoots " of varying vertical width, which dip at differs 
angles northward or southward in the direction of the strike i 
the reef. The gold itself occurs in tolerably largo lumps int«j 
mixed with quartz, in strings, ragged pieces, crystals, ; 
^ggi'sg^'ions lining cavities, and in fine specks. It is alao fotu 
iu mechanical combination with iron pyrites, a mineral alm<)| 
nuiversatly present in greater or less qaantity in all quartz 1( 
especially below water-level. 

Besides iron pyrites, copper and arsenical pyrites, gftles 
antimony, and zinc- blende, are frequent accompaniments 
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riferoiis lodee, and in man; mines one or otlier of these is 
regarded aa an infallible indication of the proximity of gold- 
bearing stone. 

Investigations as to the primal origin of gold would probably 
prove as futile aa inquiries iuto the origin of any other metal or 
form of matter, but the question of how gold came to be aBSociated 
with quartz in veins or lodea admits of at least a theoretica! solu- 
tion, and the first stage of the inquiry relates to the origin and 
history of the quartz itself. 

Without entering into a description of the various dtflerent 
modes in. which quartz lodes and veins occur, the broad fact ouu 

1 stated that they occupy what were lines of fissure in the 
Silurian rocks. As to how these fissures were formed in the 
rocks a general conjecture can be arrived at. It has been shown 
that the Silurian rocks — originally laid down horizontally — were 
crumpled, folded, and contorted so that their bauds finally 
iiSBumed positions approaching tha vertical, and that, whatever 
may have been the cause, the forces operating were auoh that the 
longitudinal axes of the corrugations took in Victoria, for the raosl 
part, an approximately meridional direction. Such movements 
could not take place without, in addition to the corrugation, cou- 
Biderabl^ faulting, fissuriug, and great local displacements, and the 
lines of fracture, naturally following those of least resistance, 

incided in general direction with the strike of the schistose 
rock-bands. 

s scarcely to be imagined that all the fissures now occupied 
by quartz-veina were formed within one short period. No doubt 
most of them resulted from movements connected with or closely 
following the corrugation of the atmta, whether that process was 
accomplished quickly or slowly; but with succeeding movements 
farther fissures and displacements were effected from time to time, 
thus rendering the systems of fissures or lines of fracture more and 
more oompiex. The existence in Upper Palajozoic rocks of quartz- 
veina traversing conglomerates, which are themselves partly com- 
posed of rounded pebbles of vein-quartz, is in itaelf a clear proof 
that the formation of quartz-veins in fissures was not confined to 
the Silurian rocks, though it attained its extreme development in 
them. At the same time, it would appear tliat most of the 
fissures occupied by quartz-veins in Siliu-ian rocks in Victoria 
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were formed and occupiod by their coatents prior to tJie formfttion 
of the Upper Folsozoic rocks. 

With regunl to tlio direction and extent of the fissure 
dupeoded on the character of the rocks they occurred in. lo 
eveuly-bedJed alitles the fiaaurea would generally bo regular, whil^ 
in diorite dykes the shrinkage cracks would naturally be irregular, 
though the fisaiires, if any, along the walla of the dykes would b« 
influenced, aa regards regularity or otherwise, by the character ol 
the containing rockn. In one caae a clean fissure or split belweei 
two parallel rock -bands would be efleoteJ. In asecond, thefiaBura 
owing to some conditioaa in the direction of the operating foroea 
or the tenacity of the rock-hands, would follow the planes q 
stratification, either horizontally, but not vertically, or woub 
intersect them obliquely in buth directions. In a third instanac 
an abuormal displnoemont would cause a fissure of which ons 
wall WHS clean — i.e., tho plane surface of a rock-layer — and tb« 
other wall irregular, ou account of the plane of the former cro84i^ 
ing obliquely the haaset edges of the layers in the latteTi; 
Kumerous other cases and combinatioua might be instanced, 
the above are the principal, and serve to illustrate the phenomena 
now observable in mineral lodes and veins. Fissures also occurr^ 
along difEereat portions of whichall the conditions mentioned we 
developed. The conrse of a fissure diverged from between tv 
parallel bands, and passing downwards, or laterally through oi 
wall, established the conditions described in the s^ond otu 
whence it passed into the third, &c, 

Where plutonic or hjiirothermal action resulted in the injectii 
of dykes, we find that while some of those dykes found their wi 
along the lines of least resistance or with the strike of the roc 
bands, others intersected the latter across their line of strikei eith^f, 
obliquely or at right angles. 

Admitting generally that the fissures resulted from mo7eiiieii||i 
of the earth's crust, and the fracturing thereby of the rock-masBt 
the next consideration is tho method by which tlie quartz- 
were formed in the fissures, and the assooiated minerals coa^ 
and deposited in or with the quarts. In the first place it ia know^^ 
that silica, the principal, or nearly the sole constituent of quarts, 
ia capable under certain conditions of being held in solution and of 
being deposited from that state iu various fonns, crystalline, couora- 



tionary, laminar, &c. Of several xheories ouce entertained as to 
the formation ef quartz and other mineral veins or lodes, one was 
that they were deposits, in the fissures, of minerals hold in solution 
liythesea during some period when the country was submerged. 
This is untenable, for the simple roaaon, among many others, that 
under sueh eouditiona the natural results would be the speedy fill- 
ing up of the fissures by mechamca I ly -formed sediments of mud 
and detritus, of which we find no evidence whatever. Another 
theory was tb»t the quartz was iujected in a molten state like an 
igneous dyke. This Is refuted by an overwhelming mass of 
evidence, seme of which also bears on tlie first-mentioned theory. 
The various structures exhibited by quartz, whether ciystolline, 
amorphous, or laminated, are not tliose which it could be expected 
to assume on cooling from a state of fusion, whether quickly or 
slowly, or at whatever depth below the surface. 

The walls of quartz-veins show not the least indication of having 
been subjected to dry heat emanating from such veins. In the case 
of' quartz-veins traversing dykes, we see plainly that the latter 
whatever their origin, were injected first, and that ia shrinkage- 
cracks and other fissures which formed in or along them during or 
Bubsequent to their consolidation, the quartz has since been formed 
in lodes, veins, strings, or bunches, in a manner wholly irrecon- 
cilable with the idea that it was ever in a molten condition ; and 
further, we find frequent instancos of bunches or small veins or 
patches of quartz occnpying hollows or cracks remote or totaUy 
isolated from large veins, and unaccompanied by any indication of 
having attained that position by being ijijocted in a molten state. 
Such quartz-veins are occasionally to be met with in the Upper 
Palaaozoic (? Upper Devonian) rocks of the Avon, under conditions 
which preclude all possibility of their being of Plutonic origin. 

Dismissing the above theories, we can turn to a third, which 
affords the most probable explanation. It is that the quarlz-veins 

the results of the segregation of silica from the surrounding 
rocks themselves, or the subjacent Plutonic masses, and its con- 
Teyance by percolating — probably hydrothermal — waters into the 
fissures, where it was precipitated, according to local conditions, 
ju the various forms assumed by quartz, much In the same way as 

lee calcareous veins in actual course of formation in cracks 
and fissures in limestones, and even in^rocks containing but a small 
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proportion of tim..-. If to this-aclion was added, bs it is reaaon- 
able to suppose, rhat of heated mineral waters, steum, aail 
vapours, bearing in mind that the intense I y-heated portion of the 
earth's interior was then nearer to the surface than now, we ha»8 
a set of conditioaa under which it is easy to conceive the 'forma- 
tion of siliceous veiua, and the deposition with, or in them, of metala 
or minerals which had also previously been in a state of solutipa 
or volatihty, though perhaps it may not be possible to reason out 
exactly the various forma of chemical action which ^ 
veloped during the process. The late Sir R, Daintree strongly 
advocated the theory that hydrotbermal action arising ont oS 
deep-seated Plutonic action pjayed an important part in the form^ 
tion of quartz-lodee, and the deposit of their aaaociated n 

Asaiuning the above general main conditions as having been ii 
existence, the infinite variety of modes of o 
veins and associated minerals can be reasonably attributed ' 
them, thongh their action was evidently subject to local modifica 
tiona as regards degrees of intensity, or influenced by ; 
mechanical forces as may have been contemporaneously in opera 
tion. Thus we find that one quartz reef consists of whit 
amorphous quartz ; another is more or less evenly laminated ; 
third shows marked crystalline atnicture; in a fourth, the lodl 
contains on one wall quartz of a different character to thi 
occurring on the other, and the two kinds may be found to 1 
separated by a clean parting or to merge into one another. T« 
or more of the foregoing features may be found in different pari 
of the same line of lode. Gold or other minerals may be foun 
near one wall more than the other, or any other tif the phenomei 
encountered by the miner in connexion with qnarfe-veius may I 
mentioned ; but there are none that I have seen oriieard of t 
are not susceptible of esplauation under the segWation i 
hydrothernial theory, allowing for different degrees of ^udl^: 
action, intensity of heat, the predominance of certain miol 
vapours in one locality over another, and the various 'J 
ments due to further movements of the ean 
place during or aubacquently to the deposition of the 

It is not necessarily to be inferred that the fissures 1 
the mineral waters determined were from the first as wide as tlu 
veins which now fill them. Ko doubt successive re-openingi 
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Bused by earth-move meat b, and enlargement e of the fii^sui'es, 
Beeted by the passafjo of moving- waters, enabled successive de- 
ositionsf of quart* and other mineralH to be produced, and to this, 
o| doubt, may be attributed the circumstance of some particular 
and in a reef beio^ usually more auriferous or more highly 
lineralized than another. As a rule, it has been observed that 
jninated or seamy quartz is usually more highly auriferous than 
lat of a massive amorphous character ; and the idea hag sug- 
ested itself that the latter was formed quickly, there being au 
xcess of fiihceous matter present, and the metallic minerals not 
reseat in proportionate quantity; whereas, in the case of the laminar 
quartz, the deposit proceeded slowly in successive coats, thus 
[giving time for the associated deposit of the rarer minerals. Much 
r the finer free gold, in portions of lodes above water-level, may 
ive been originally in mechanical combination with pyrites 
irhich have since decomposed. 

With respect to the primal origin of the gold itself, it can be no 
' tetter accounted for thaa cau that of iron, lead, or any other metal 
tor form of matter; but with regard to its association with the 
PaltBozoic rocks, there is an hypothesis available, the advancement 
jf which can at least do no harm. The conjecture is based on 
the known presence of a minute proportion of gold in sea-water, 
md it is supposed that when the Silurian rocks were being laid 
down, gold was present in the water in greater quantity than now; 
ftat much of it was gradually precipitated and deposited either 
free, or in chemical combinations, with the sediments as they slowly 
accumulated, and that after the consohdation and upheaval of the 
strata, permeating heated mineralized water, both of meteoric 
origin aud incorporated with the rocks, cooveyed the gold in 
solution in company with the silica to the vein fissures, where it 
Tna segregated into grains, strings, and crystals, forming masses 
rf greater or less size, from invisible specks up to large nuggets, 
wcording to the intensity of the agencies at work. Premising 
"i the remark that the theoretical views advanced are only given 
working hypothesis to be held with a loose grasp, aud hkely 
%e modified by new facts, Mr. A. W. Howitt, from whom I first 
quired the idea, has generously placed at my disposal the foUow- 
ZQotes, which I quote in extenso. 
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" 1. I asHume the eiistenco of gold In solution in the Paloeozoi 
eeaa. 

" 2. The Silurian seOimeuts, daring their formation, neceesari^ 
included a large amount of sea-water (organic matter ma; ham 
' precipitated gold in a metallic state, and in a fiaelj-dietribnEeJ 
condition, throughout and in these eedimenta.) 

"3. This included sea-water could not escape until the * 
inentB wore raised above sea-level. 

" i. The geological evidence shows that before being ho n 
thej were folded, coraprcssod, and depressed within the tuflaenefi 
of the internal heat of the earth. (It is immaterial whence th!( 
heat was derived — possibly due to the molten interior, and heai 
resulting from motion In the crushed sediments.) 

"5, The sediments were then invaded by molten rock maaiei 
from below ; were metamorphosed, melted, and absorbed bb h 
their lower portions ; the molten material was forced upwaidi 
through the Hue of least resistance to the surface, and gave ri 
the Palaeozoic volcanoes, e.g., of the Snowy River. The grei 
masses of molt«ii material on final consolidation are repreeentei 
by the granitic rocka underlying all Victoria. 

"6. The salts in solution in the sea-water included in the sedi 
ments, and the materials of the sedimenls themselves, i 
upon each other under the influences of heat and pressure. 

"7. The mineralized waters would find passage through tb 
contact planes of the igneous and sedimentary rocks, and l)i 
fractures in the strata, &c. 

" 8. On the cooling down of the rocks, the waters would liki 
wise lessen in temperature, and deposit their metallic and-minen 
substances which they had "leached" out of the sediment? 
would deposit them in the contact planes, faults, and fissure 
Faults whicli had been penetrated by dykes would also aSoi 
pass^e to such waters, and to sublimations, e.g., Cohen's Bee 
and also ' Steam-boat Springs of California.' 

" 9. All the saline solutions in the Palaeozoic seas would eatj 
into reactions, and even if the gold had beenr educed by o 
substances, it would, I think, be again chlorinated on the regeno- 
ration of the felspars out of the materials of the sediments and the 
alkaline chlorides and chloride of calcium in solution, 

"It seems to me, therefore probable, that we may refer the 
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• Dnnation of auriferoiia Teins aail metalliferoua lodes, generally 
'^oenrring In the Silnrian and Devonian formations, to Plutonic and 
Volcanic action, which prevailed about the close of the Silurian 
]>eriod and ouwurds, until our geolo};ical record closes in the 
TJpper Devonian. But we mnat also take into account a secondary- 
process which is always going on in the reactions prodneed by 
meteoric waters percolating from the surface downward ; this 
process is partly one of decomposition and partly of concentration. 

" The conclusions I arrive at are, therefore — First, that the gold 
has bees collected out of the eedimentg during the Plutonic and 
Tolcanic action tn Palaeozoic periodx ; second, that it has been (at 
the surface) undergoing concentration, partly by the removal or 
decomposition of metallic ores. We know that auriferous reefs 
very frequently, if not almost always, occur in bands along the 
strike of the sediments. In accordance with the above views, 
I suggest that these hands reproeent extensive fractures, com- 
municating downwards with the planes of contact of the igneous 
and sedimentary formations. Such extensive fractures would 
give passage to heated mineralized waters and to Bulilimations. 
As to these bands, I think we may assume the following : — 

" Ist. The folding and compression of the Silurian rocks was 
consequent upon the contraction of the earth's crust through 
cooling of the globe. 

"2nd. That fractures would most probably occur along the 
axes of anticlinal and synclinal folds. 

"Srd. The pressure of a folded and depressed portion of the 
earth's crust upon the molten material beneath would afford a 
BuflBcient primum mobile to produce the upward thrust of liquid 
rock masses through fissures, and generally against the overlying 
sediments. This pressure, produced by the contracting cruet, 
would suffice to produce volcanic outbreaks, without calling in 
aid 'waves of the molten interior,' &c. Nor could steam be 
called in to produce the upward motion of the molten rock until 
it (the rock) rose to within such a distance of the sarfocc that 
the pressure of the column of roek (or of molten rock) was no 
longer atiffieient to keep water fluid." jo- 

The occurrence of auriferous quartz-veins in belts uiaj-^jijcum- 
ing the above supposition to be correct — be due to (.griain seta 
Stance that a greater amount of gold was deposits ' 
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of layers than Ju others, and that when the rocke were uptiltej 
from a horizontal to a vertical position, those bands which con- 
tained most gold yielded the largest aupply for deposition in the 
quartz- vein 8, while in others contaiuiug little or do gold only poor 
or barren quartz-veins were formed. I am aware that many diffi- 
culties will have to be surmounted before the above theory cnu 
take the position of an aniveraally accepted explanation ; but in 
the meantime it claims to be a good working hypothesis, foimde 
OD well-digested information, and likely at no distant date ton 
— subject to a few modifications — among the establiiihed dedactio 
of science. 

With regard to the occurrence in alluvial deposits of nuggetB 
masses of gold, far exceeding in size any found in the qnartEiei 
themselves, and the consequent difficulty of reconciling this c 
cumstanco with the belief that al! alluvial gold bus resulted fn 
the degradation of quartz reefs, it may be observed that many 
the largo nuggets found in alluvial deposits have been intimi 
mixed with vein-qiiartz in such a manner as to leave no room I 
doubt as to the latter having formed portion of the original matr 
Some nuggets have been found on which distinct impressions 
quartz crystals were visible, and in nearly all large nuggets thei 
IB a certain " honeycombed " or " ragged " appearance ia tboe 
portions that have not been smoothed externally by attrition. 

I do not lose sight of the hypotliesis formed by Mr. Selwyn, Ud 
pieces of gold disintegrated from quartz reefs may have beCE 
aabsequently added to in the drifts by deposit of gold from sob 
tion by meteoric waters. This was supported by the ezperlmeD 
of Sir R. Daintree and Mr. C. S, Wilkinson, who proved that U 
presence of organic matter or pyrites caused the deposit of meti 
lie gold from solution. It has also been argued in support of tlii 
belief, that the largest nuggets were found where volcanic era 
tiona, as at Batlarat, had favoured the development of high 
mineralized waters, and that in parts of Gippsland and otfe 
places where there has been no volcanic activity, pieeea of g< 
above a few ounces in weight are rare. 

Now, as 3 matter of fact, many of the largest nuggets that ha 
been found were discovered between Mohagul'and Wedderbm 
close to the surface, in country where there is no indication. 
volcanic action having ever taken place; while, on the other ban 
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ieces over 40oz. in weight have been found iu the gravela 
Beneath the oldtir basaltic layers in Gippsland, where one would 
suppose the conditions for tlie development and action of mineral' 
ized waters would have been equally, if not more, favorable, and 
tlao of longer duration than at Ballarat. 

I cannot help thinking, therefore, that the augmentation of 
pieces of gold by further deposit from the surrounding meteoric 
waters must have been very trifling, if it took place at all; that 
the large nuggets were originally formed in the quartz reefs, and 
labsequently disintegrated therefrom ; and that the occurrence of 
}arger masses of gold in one part of the country than in another is 
dae to the conditions under which the gold was first segregated in 
the quartz-veins having, been more intense in one group of rocks 
than in another. 

Tolerably large Inmps of solid gold, or intermixed with but a 
fimall proportion of quartz, and many ounces — in some cases 
pounds — in weight, have beea actually found in quartz reefs, and 
ihose which I have inspected all looked as though, if subjected to 
ihe long continued action of moving water in company with 
Kibbles and other hard fragments, much, if not all, of their aaaoci- 
(ted quartz would he removed out of them, and the gold beaten 
itnd welded into more compact form. It is not unreasonable to 
believe that if a mass of goLl one pound in weight could have 
I formed under certain conditions in a quartz matrix, a mass 
00 pounds or more might have been formed uniler similar hut 
6 intense conditions, perhaps accompanied by additional con- 
ditions favorable to the segregation of gold in larger masses than 
ordinary. 

Assuming the correctness of the previously enunciated theory 
LB to the general mode in which quartz and associated minerals 
were segregated into veins, we have, in addition, the certainty that 
^lose portions of quartz reefs which we now see at the present 
flUrfece were really formed at great depths below what was the 
jinrface at the time they were in process of formation. Enough 
s been said in the portions of this work devoted to geological 
lllistory to show that the denudation to which the Palseozoic rocks 
e been subjected is simply incalculable. Most, if not all, of 
onr quartz reefs appear to have been formed during Palaeozoic 
times, and consequently their original upper portions have been 
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remnved by tLe denading action of subsequent ages; it ia qnitB 
poasible, therefore, that when they were in proceBB of formation 
the conditions iiear the tlien surface were more favorable than at 
considerable depths to the accumulation of the gold in large nmsae!, 
and that the large nuggets found in our alluyiums were origuallj 
segregated in porlions of the quartz reefs which have since lieeB 
entirely removed, leaving their disintegrated gold to drop graduv 
ally as the surface became lower by abrasion. 

Much has been said about the alleged prediction of Mr. Selwp) 
and other geologiats, to the effect that qnartz reefs would o 
to be auriferous below a depth of 400 feet. The general opimoB 
which has been tortured so industriously into a dictum, waa pub- 
lislied many years ago when quartz mining, both in Califomi* 
and in Australia, was in its infancy, and this opinion was ! 
to the effect that, in the light of experience obtained in Europaill 
and Asiatic gold mining, auriferous quartz lodes were more likel 
to decrease than to increase iu richness as followed downward 
and would probably become nnremuiierative within limited depth 
Mr. Selwyn personally, however, maintained the view that a 
decreaao would be inappreciable within the limits attainable I 
human skill. The opinion has happily proved correct; our ed 
aequently acquired experience here shows that many of the lod 
yield good returns from depths exceeding 1,000 feet, and, 
Stawell and SandhnrBt, rich yields have been obtainedfrom donfi 
that depth, so that the question as to whether deep quartz d 
will pay is practically answered in the affirmative as far as o 
more important qnartz mining districts are concerned. Mr, Sell^ 
did not fail to record his conviction that there was no reason 
doubt but that quartu gold mining would prove as permanent 
source of wealth here as tin or copper mining in England, 
some places, however, quartz reefs, payably anriforous while 
Silurian rock, have been followed down to subjacent granite, a 
have there been found to thin out and become unprofitable ; 
that there ia evidence, at all events in some cases, of the gran] 
at whatever depth it may be encountered, forming one limit to 1 
Buecessful downward prosecution of quartz mining. I here r 
to granite as a mass or portion of the hypogene rock foundatil 
and not as a dyke or injected vein; in the latter form g^nite' 
acme kindred roct may' be found to contain payably auriferd 
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ciuartz- veins to indefinite depths while traversing Silurian 
rocks. Admitting that there is nothing to preclude the hope 
"that many of our quarts mines may yield profitable returns 
C-om the utmost depths to which hum.aD skill can penetrate, the 
first portion of the opinion above referred to — as to .probable 
decrease in riehness of the lodes as followed down — has not so far 
been refuted by experience, though it is no doubt amenable to 
considerable modification. The fact can hardly be gainaayed — 
giring due credit for exceptional rich yields from great depths — 
that, on the average, richer quartz bas beea obtained from the 
Burface portions of the reefs generally than has been raot with in 
t levels, and though our lodes may be practically inex- 
haustible, there is nothing to justify the expectation of an increased 
yield from them as followed downwards. 

To judge by the extraordinary richness of many of our alluvial 
workings, and the size of the nuggets found in them, as compared 
with the yields obtained from the auriferous quartz reefs near them, 
1 suggests itself that the denuded upper portions 
,of those reefs, whence the alluvial gold was originally derived, 
pinust have been far richer than what remain intact, even allowing 
for-the denudalioo of the Paleozoic rocks and their associated 
quartz-veins, for a thickness of many hundreds or even thousands 
of feet in vertical height above the present surface, and the con- 
centration of the gold thus disintegrated into gravelly deposits of 
comparatively hmited extent. With the fact of our surface quarlz 
having so far proved of greater average richness than that 
obtained from considerable depths,* and the strong evidence that 
the quartz which has been dontidod, and from which tlio gold of 
the alluviums has been disintegrated by geological action, was 
even richer still, the general correctness of the first portion of the 
■ opinions referred to remains unchallengeable, though enough has 
: fortunately been proved to justify sanguine hopes as the future 
' progress of deep quartz mining, and to ivarrant the expenditure 
of capital in its development. 



• The qnarti-minea □£ Sandhurat afford a. notable exception to thia mle. 
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CHAPTER XIII. 

Alluvial Gold Drifts. — Aurij&'ous Mioecne Ch-apel. Auri/' 
erous PaltBoxoie Conglomerates. Tertiary Gold Drifit 
oj different periods. DifferaU Classes of Alluvial Gold 
Mining. General Geological History of Gold Drifts. 

Under tljie head i here iii<;lii(]e any auriferous detrital depout in 
the foroj of earth, rublile, clay, saiul, drift, graToI, conglomeTat^ 
or cement — as distinguished from vein-quartz or matrix-rock— 
whether deep or ghallow, Idobo and incoherent, or coneoHdnted, 
and of whatever geological age, from Upper Palieozoic to Port 
Tertiary. All Victorian gold drifts yet worked are of Tertiary 
or Post Tertiary age, and were provisionally classified by Mr. 
Selwyn in three principal groups, referahia respectively to the 
Older riiocene, Newer Pliocene, and Post Pliocene epocba. 

About twenty yoara ago, Mr. Selwyn advanced a Btrong opinion: 
as to the non-auriferous character of gravels of Miocene or Midilla 
Tertiary age, and based it on the non-discovery of gold in certain 
gravels of that age which were prospected by the geologic)^ 
survey party then at work near Stoiglitz, and tbo alleged failni* 
of a milling company to obtain gold in a very deep deposit of 
Miocene age at Morrison's diggings, on the Moorabool, tbougJl 
the Pliocene gravels resting on the " false bottom " formed byll 
Miocene deposit bad been profilAbly worked. 

I have been informed, however, that, during the operataous of 
the company in question, a small quantity of gold was obtained 
ou reaehiag the Silurian bed-rock, but that work was 
before reaching the deepest ground, where any conaidernble quanti^ 
of gold that might exist would naturally be expected to be fonnd 

Subsequent investigations have shown that payably auriferoni 
gravels of the Miocene period occur beneatb the older basalt 01 
various parts of Gippsland, and in the Yarra basin, so that thfl 
mere fact of a gravel or drift being of that period is no evidencS 
as to its being non-auriferous. In New South Wales, a conglo- 
merate of Upper Paheozoic age resting on Silurian rocks bas been 
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3 to contain alluvial gold in fair quaatity, and in piecsa up to 

Jaeveral ouncea in weight, so that there ia no reason whatever 

I to doulit the poaaibility of fludiug payable gold in any detrital 

I deposit younger than and resting ou Silurian rocka. There ia 

I "very good evidence to the effect that the quartz raefa and their 

L ■aesociated gold had been dcpoaited in the voin fissures prior to the 

formation of the Upper Pulwozoio rucks, and, therefore, such 

-avels or conglomerates of Upper Palieozoic or more recent date, 

sa rest immediately upon and are made up of detritus derived 

from Silurian rocks, are certain to coutaiu gold in the vicinity of 

where the latter are traversed by auriferous qnartz-veinB. 

I happens that in the neighbourhood of most of our 
|;old-fields conglomerates of Upper Palieozoic or Meaozoic age do 
liave not been tested, but there are places where it is 
reaaonable to expect that the lowest beda of aucb conglomerates, 
where renting immediately on Che Silurian bed-rock, might be found 
riferous. These localities will be mentioned hereafter, though 
to teat thorn would be n matter involving considerable outlay aud 
only to be entered' upon after ascertaining beyond a doubt the 
auriferous character of exposed Silurian rocka within reasonable 
-diatance. 

Among the tertiary gold drifta we can now identify those of at 

least fourdistinotperioda, (1.) Thutof Miocene or Middle Tertiary 

age formed prior to the outpouring of the Older Volcanic lava- 

' flows. (2.) That classed as Older Pliocene, which in some places 

appears to be of marine or littoral deposit, and m others the result 

of fluviatile action. (3.) The deep lead gravels occupying gutters 

:ut through, and therefore newer than the Older 

Ipliocene gravels, but older than the Newer Volcanic lava-flows. 

1(4.) Post Tertiary drifts and gravels, more recent than the newer 

■'l>asa1t, and made np of materials derived from the denudation of 

1 some of the foregoing or from recently etFected abrasion of the 

\ Silurian rocks. 

The different modes of occurrence of alluvial gold are so familiar 
I to our miners that it aeems almost auperfluons to describe them, but 
Kit is aa well to mention the principal classes of alluvial gold work- 
Binga in order to elucidate the remarks ou the geological action by 
■which the gold was conveyed into the different positions in which 
fe-t is found. 
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1. Surfaoing. — Earth or thin layers of clay, nibble, and Jacom- 
posed rock on tho slopes or summits of hills composed of Silurian 
rocky. The gold is found free or associated with fragmeatary 
quartz, from the surftice-earch dovrn into the chinks and ( 
of tho bed-rook. In some cases the gold thus found has been da- 
rived directly from eonm line of quartz reef traversing the Siinrian 
rofiks, and is found to be "ragged" and unaltered in form; in ■ 
other instances a gravel drift has at one time existed, and has 
been wholly or partially removed, and the waterworn gold onoa 
contained in it — primarily dericed from the disintegration of quart*' 
reefs — has been left behind, and has simply dropped deepe 
rock surface became abraded. Combinations of the two c 
frequent, and some of oiir reef-washea, or other auriferous alluvial 
deposits on slopes of Silurian rocks underneath basalt, represent 
the precisely similar conditions which existed iu former ages a; 
have been preserved from further change by the covering at 
volcanic rock. 

2. River, Creek, and Guily Workings. — The deposits of gravalj 
drift, &c., resting on the Silurian rocksin tbebedsoron the baiik» 
of watercourses. These deposits vary from a few inches I 
many feet in thickness; the gold ia usually found low down in th 
gravel, on the bed-rock or deep in its crevices ; in river valleys, 
terraces of auriferous gravel are sometimes met with on the rocky 
slopes high above the river beds. These appear to be vestiges a 
deposits foiTned before the waterconrses had eroded their channelfl 
to BO great a depth in the bed-rock as they have since reached 
The gold in all these deposits has been either derived directly froni 
the disintegration of the qttartziferous Srlnrian rocks, or from t 
denudation and re-distribution of pre-existing drifts. 

S. Leads. — Gravels, conglomerates, &e., of Middle or Uppei 
Tertiary age, deposited iu the beds of ancient rivers, in some plaoS 
only covered by recent accumulations, and in others by one 
three, or four distinct layers of basalt. To such may be 
some " reef-washes," which have been formed during interval 
between tho ontpouriag of two different lava-flows. The beds a 
these ancient rivers are in some localities above, and in othi^ 
below, those of existing streams, and are worked by tuan^ ) 
shafts accordingly. 

4. Gravels, conglomerates, &c,, apparently due 
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littoral action; these aro generally more widely spread than the 
leail gravels; the gold is more " patchy" in its occun-enoc, though 
Bometinies found in defined " runs," not necessarily in the deepest 
hollows of the bed-rock, but often on the ridges or slopes thereof. 
Some of these deposits cap hills of Siluriaa rock; others consti- 
tute '* reef-washes " beneath the basalt, bnt at higher levels than 
the deep lead gattera. Though the above embrace the chief forma 
ot aurifei'oos alluvial deposits, there is an infinite variety of 
BOmbinatious to be met with, but all attributable to the same prin- 
cipal cause — denudation by atmospheric and aqueous action of the 
Silnriaii rocks and their accompanying qnartz-veias. It is not to 
be supposed, however, that all our alluvia! gold was disintegrated 
bom its matrices only since the commencement of Tertiary times. 
We hare such irrefragable proof that denudation has lieea acting 
on the Silurian rocks from their first appearance as a land surface, 
that it is only reasonable to believe that considerable proportions 
of the gold found in, and the materials composing, the various 
auriferous gravels, were disintegrated from the matrices and rock 
masses during Upper Palreozoic and Meaozoie times. 

The walerworn character of the pebbles and boulders, and also 
the gold itself in the gravels quite close to the apparent sources 
whence their materials were derived, indicate that the fragments 
were broken from the rocks and rounded by forces acting prior to 
the agencies which finally deposited the gravels, and that these 
are for a great part re- distributions of pre-existing deposits com- 
bined with the results of further denudation of the Silurian rock- 
masses. A considerable portion of the materials now composing 
the Upper and Post Tertiary gravels, and the gold associated 
with them, may have once formed part successively of Upper 
Palffiozixc, Mesozoic, and Lower and Middle Tertiary detrital 
deposits; denudation during each succeeding period having sifted 
and re-arranged the materials, removing the soft and friable, 
leaving the harder fragments more and more waterworn, and 
making further encroachments on the Silurian rocks. Throughout 
all changes, however, the larger disintegrated particles of goldi 
owing to the high specific gravity of the metal, appear to have 
been conveyed to but comparatively short distances from the 
parent quartz-lodes. Once freed from its matrix, the natural 
' of a fragment of gold of any appreciable weight is 
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merely to drop deeper, as the surrounding or subjacent materials 
are removed, and though much of the gold in the leads has 
probably travelled for some distance, it appears to have done so 
principally while attached to portion of its matrix, or when in 
small particles in company with masses of other materials which 
carried it along with them; or when a smooth bed-rock offered 
no resting place. 

On this circumstance may be founded a principle that^ where 
there are auriferous alluviums, there are likely to be auriferous 
quartz-veins at no great distance. Though, by no means new, 
this principle has not hitherto been recognised in its full import- 
ance, and there is reason to believe that its judicious application to 
extensive and systematic prospecting would result in a largely 
increased development of quartz-mining throughout the colony. 
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CHAPTER XIV. 

Suggestions for further development of Gold Mining — quartz 
and allumal. General principles. Auriferous zones, or 
belts, described according to geographical position from 
tveat to east. Metals other than Gold. 

In indicating the directions in which niiniDg exploration in 
Bearch of auriferous gravels nnd quartz reeta appears most likely 
to prove auecesafnl, two circumstaueesj already pointed out, hare 
to be kept in view, as forming a basis on which to arrive at a 
i;pliable conjecture as to the probable auriferous character of any 
particular locality. 

The first is the known occurrence of anrifcrous quartz reefs — 
■whether in Silurian rocks, or in dykea traversing the same — in 
belts or strips of varying width, but of undefined longitudinal 
extent. The second is the strong indication afforded by the 
presence of any considerable quantity of gold in aUuviuma, as to 
the close proximity of auriferous (quartz reefs ; and conversely, 
the likelihood, or indeed certainty, of finding alluvial gold in 
detrital deposits, derived from and in the vicinity of rocks contain- 
ing auriferous quartz- veins. 

The principal belts containing auriferous quartz reefs are now 
tolerably well known so far as the country consists of exposed 
Silurian rocks, and, in some places, the quartz reefs are being 
worked on their extensions beneath alluvial deposits and volcanic 
layers. Between these belts occur tracts of country which, though 
consisting of Silurian rocks traversed by quartz reefs, have, in 
Bpite of careful prospecting, failed to yield gold in remunerative 
quantity, though do doubt there may be in such apparently non- 
auriferoas tracts, minor belts or lines of auriferons quartz reef 
-which have hitherto escaped observation. The lateral limits of 
the proved portions of the auriferous zones are, however, snfflciently 
well-defined, and their lines of strike sufficiently well marked to 
furnish data for guidance in prospecting on the northward or 
southward longitudinal extension of such zones. That these 



15S Gvoto'jy and Phijuical Geography. 



zones ilo not maintaiu tlieir auriferous character throughout; their 
eutire lengths is evident; hut it would appear that on their linei 
of etrilie the quariz reefs within their limits are auriferous for 
variuHB lengths, increasing in riehness in one locality and dirain- 
idhing in another. In fact, ba a single line of quartz reef 'u 
generally found to contain gold iu successive shoots, separated by 
barren intervals, eo do the belts comprising each a number of 
quartz reefs exhibit the same phenomenon. So long as the country 
consists of exposed Silurian rocks, the belts can easily be followeJ, 
and the quartz reefs or alluvial deposits tested nt or near the 
surface; but when we consider the comparatively Biaall width, 
north and south, of the exposed Silurian rnclts composing the' 
western portion of the main mountain system, iu which our richest 
gold-Hslds are situated, and the maintenance of their character froi 
place to place by the auriferous belts within that width, we ai 
led to the conclusion that by following the lines of extension t 
those belts, and penetrating the newer formations overlying tli 
Silurian rocks northward or southward of the Main Divide, we bi 
likely to discover fresh groups of auriferous quartz reefs tn 
versing the concealed bed-rock and auiiforous gravels overlyin 
it in their vicipity. This remark applies not only to Victoria bo 
to the entire breadth of Australia, from Victoria to the Gulf o 
Carpentaria, for there is no reason to doubt the continuance of thq 
Victorian group of auriferous belts beneath the newer form&iions 
of the western portions of New South Wales and Queensland 
There is even a fair probability of discovering payable alluvia 
gold in the lowest beds of Marine Tertiary, Mesozoic, or Uppa 
Palieozoic formations where these consist of gravels or couglont 
erates, and rest immediately on Silurian rocks ou or near thelinfl 
of extension of any of the known auriferous belts. Iu fact, col 
sidering that in such localities the Silin-ian rocks have very likel 
been subjected to greater degradation than in the mountcu 
districts, and bearing in mind the tendency of gold to remain nearl* 
stationary during the removal of large quantities o£ other material^ 
it is not unreasonable to infer that gold may thus be found in largi 
quantity, though probably more widely and irregularly distrlbntai 
than it would bo in narrow leads of fluviatile origin- 
No doubt the difficulties to be encountered would be great, oiu 
search iu such ilircci ions would not be justified except on excalleq 
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<Lata obtained where the Silurian rocka were near the aurfacoj but 
nevertheless, there are reasonable grounds for hope that, with 
inereaaed knowledge and improved mining appliances, ttie auri- 
ferooa belta will, at some future date, be traced for a far greater 
length than they may be at present suppoaed to extend to. 

t would be impossible to say how deep it would be necessary 
to sink before reaching the bed-rock in the Murray Valley for 
instance, but I believe that in any portion of it lying to the east- 
■ward of the meridian of Stawell, the greatest depth would not 
exceed 1,000 feet. In the meantime, however, there is abundant 
scope for exploration in search of gold, whether quartz or alluvial, 
in localities where the depth would be comparatively trifling, and 
:re the proximity of proved auriferous country would warrant 
expenditure necesaary to prosecute the aeareh. I will there- 
fore now proceed to briefly describe the principal known anriferoua 
belts from the western to the eastern portiooa of the colony, and 
to indicate on their lines of extension, northward and southward, 
•where mining exploration would be attended witli a fair chaiiee of 
Bucceas. It must be understood, however, that the sequence of 
the gold-fields of each belt, in relation to linea of strike, can only be 
indicated approximately. 

The Geological Sketch-map of Victoria will be found a valuable 
Adjunct to the perusal of these remarks, and if intelligently used 
by intending proapectora, ^¥iU assist them to conduct their operations 
vith reasonable prospects of success. 

The westernmost gold-field in Victoria ie that of Moyston, 
■where a moderate extent of alluvial ground and one or two rich 
lines of reef have been worked, Tbe reefs, after being followed 
■with good results to a depth of 400 feet or more, are at present 
unworked, though by all accounts there are good inducements to 
«ttempt to trace them farther. Approximately in the line of 
strike of the Moyaton reefs is the Frying-pan gold-Geld, where 
flome good finds were made, though little isboingdone at present. 
The continuation of this belt northward and southward ia likely 
to contain other alluvial deposits and quartz reefa. 

The next belt eastward is a very important one, containing as 
it does Stawell, and the diggings northward and southward, the 
Great Western, Armstrong's, and Ararat gold-fields. An area of 
exposed granite breaks the continuity of this belt between 
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Stawell and Great Westem; but there is every reaaoo to expect 
that by foliowing the strike of the rocke northward from Stawell, 
more go Id -hearing " shoots " will lie found iii the quartz reefs, and 
freRh alluvial deposits opened up in the gravelaand conglomerates. 

Ararat, though of great extent niid richness as an alluvial field, 
18 ao far unimportant aa regards quariz mining; but it is diffieult 
to believe that where the alluvial has been so prdductive, there 
are not rich quartz reefs in the vicinity, either in the bills or con- 
cealed beneath the alluvial deposits. The main lead of the Hop- 
kins Valley, the outlet of the principal leads of Ararat, is likely 
to prove rich where its position has lately been ascertained hy 
means of diamond-drill bores, just where, after a deviation to the 
east, away from the auriferous belt, it re-erosaes it again south- 
eastwarJ from Kangaroo Point. 

The southern, and so far unexplored, extension of the Ararat 
belt should pasa in the direction of Talla-y-Poora, where out- 
crops of Silurian rocks are shown to exist on the Geological , 
Sketch-map. Careful proepecting is to be recommended in' t 
locality. 

Eastward from the Ararat and Stawell belt lies that of Navaq 
and Laudsborough, on tho southern extension of which, towu 
Buangor, there appears to be good scope for the prospectoi 

Next to the eastward lies the belt containing St. AmitiM 
Stuart Mill, Red Bank, Moonambol, Fercydale, Amphithea 
Waterloo, Kagtan, and Beaufort, all within a strip of mode 
width, having a direction approximately coincident with 
strike of the Silnrian rocks. Northward from St. Arnaud tN 
country consists of wide plains, to prospect the deep alluvj 
deposits of which would be expensive and difficult, 
perhaps future discoveries may warrant the attempt being n 
but on either side of a line from St. Arnaud to Beaufort thersj 
a considerable extent of country worthy of careful aearch, i 
many reefs once worked, but now abandoned, which would in ■ 
likelihood pay well were work resumed on them. 

The range lying between Raglan and Waterloo, and termjaatii 
at Beaufort, offers special inducements to the quartz prospectd 
as from its denudation in past times a great quantity of alluvi 
gold must have been derived, and there ought to be unremovH 
reefs remaining, which contain gold in payable quantity. Gd 
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JtaB been foudd sonth from Beaufort to the verge of the Lilerie 
^lain, the deep ground of which is untried, and across that plain 
for to the south, OQ the apparent proloogatioD of the belt, are the 
Skipton diggings, thus indicating the probabiSity of the main- 
tenance of the anriferous character of the Silurian rocks beneath 
the plain. Of this, however, more will be said in connexion with 
the next two belts of gold-bearing country, one of which contains 

irth of the plains — Boaliba, Horaebueh, Avoca, Lamplough, 
end Lexton; on the south, Carngham, Linton, and Happy Valley. 
The other comprises: — North— Wedderburn, Wehla, Mclntyre, 
Berlin, Moliagul, Goldahorough, Dunolly, Timor, Maryborough, 
Amherst, and Talbot; south — Haddon, Smytheadale, Scaradale, 
and Eokewood. It may be remarked that though names of 
detached localities are given to indicate the course of the belts, 
there are really but few breaks in the continuity of the auriferous 
character of the last-mentioned from Wedderburn to Talbot, and 
firom Haddon to Rokewood. Alluvial diggings have been worked 

liong from place to place in both sections of the belt, tlie gap 
between which is occupied by the outcropping granite of the 
Mount Beckworth Gauge, and the basaltic plains extending west- 
■ward from BaUarat to the Hopkins Valley, through Lilerie, 
between Beaufort and Carngham. Underneath these plains must 
lie the extensions of the leads trending west from Ballarat, of 
those of Haddon, and doubtless many others at present unknown. 
These are evidently joined near Lilerie by the Waterloo leads, and 
Beveral others near Beaufort. There is every probability that 
■where these leads cross the three last -mentioned belts, beneath 
the Burnirabeet and Lilerie Phiina, eastward of a lino from Beau- 
fort to Carngham, there may exist a deep alluvia! gold-field equal 
to any yet found in Victoria, and that the northern and western 
lead system of Ballarat, though impoverished immediately west of 
ffaat city, may be found to have received a wonderful aeceBsion of 
.■wealth after crossing the courses of the three auriferous belts ahove 
described. Though the relatione are somewhat obscure, I am 
inclined to class in the next belt to the eastward the gold-fielda of 
Kingower, Jones's Creek, Carisbrook, Majorca, and Clunes north 
of the plains, and the Whim Holes and other workings to the 
■onth-westward of Ballarat. The deep leads on this belt between 
Clunes and Miners' Rest should prove payable. 
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Proceeding eastwaril, the next belt may be described as th4 
moat impoi'tant in Victoria. From the geograpiiical position 
the varioue localities in relatioo to one another, and to the generd 
strike of the Silnrian rocks, I regard as constituting exposed pop* 
tions of one great auriferous zone the gojd-lields of Inglewood 
Tarnagulla, and Kay's diggings, north of the plains of the Loddi 
Valley, and to the south the gold-fiolds of Smeatoe, Kingston 
Creswick, Ballarat, Buninyong, and the Durham; the last-namej 
Gotithern localities are continuous with one another 
anriferous character, there being no break from the Durham tf 
Smeaton, a distance, north aud south, of 25 miles, iu the alio' 
gold-workings, over a width averaging, from east to wefit, al 
4 miles. 

Southward from the Durham, the belt becomes poorer in 
the deep ground having so far proved un remunerative, and tb 
shallow diggings scattered and patchy. It ia noticeable, howevoi 
that the bed of the Leigh River has been prolitably worked fa 
20 miles down from the Durham, and that auriferous gravel 
have been traced from its banks under the basaltic plains south c 
Mount Mercer, where the further coatinuatiou of the Durbai 
gutter is sure to exist. It is, therefore, quite likely that the 
of Silurian rocks extending southward from Ballarat may hoi 
be found to have regained its auriferous character, and that tl 
deep gravels resting on it beneath the basalt may be as rich I 
gold as those to the north. 

As regards the unexplored portion hidden by basalt, beiwat 
Snieaton and Tarnagulla, the indications are most hopefnl ; thei 
is every reason to believe that the belt retains its aoriferot 
character from the Madam Berry mine to Tarnagulla, a distant 
of 30 miles, and that all the alliivinl gravels, beneath the basa 
on its course will prove profitable. 

On a smaller scale, the flat alluvial country along the Bui Bi 
Creek, between Tarnagulla and Inglewood, is likely to pi 
auriferous in the vicinity of a line between the two places. 

Separated from the Ballarat and Durham auriferous belt) 
country by a broad strip, in which no gold-workiugs of impor 
ance have been discovered, the next to the eastward is the Elaii 
and Mount Doran belt, too isolated to admit of its true relatioi 
ta others being determined ; it is, however, noticeable that tb 
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commencement of the Hepburn Home Paddock lead is approxi- 
latelj where the prolongation of this bolt might be expected to 
<be, and it may be inferred that auriferous deposits are likely to be 
found where Silurian roetH coQBtitute the " bottom " beneath the 
great biiBaltic ereas of Wairenheip, Bungnree, and Dean, in the 
vicinity of a line from Mount Dorau to the Hephuru Home 
rfaddock. 

Steiglitz, tho Moorabool diggingB, Mount Egerton, Gordon, the 
Korweinguboora reefs, and the workings westward of Daylesford 
And thence to near Yandolt, constitute another belt of anriferous 
■country along which further discoveries are likely to be made, 
■especially in deep alluvial ground southward of Egerton, along the 
Moorabool Valley, and between Gordon and Egerton, where the 
■.poBilion of deep ground has lately been aBcertaiued by means of 
boring with the diamond -drill. 

Next to the eastward is a very important auriferous belt com- 
mencing at the north with. Maldou, and extending thence south- 
ward along Sandy Creek, Jim Crow Creek, Daylesford, and thence 
ito Blakeville. Further south on the same course payable gold has 
teen found near the Ballauee estate and along the Werribee River 
within a few milea of Bacchus Marsh. The deep alluvial 
^romid in the Loddon Valley, near Nowstead, may be expected to 
J payable below where it crosses this belt, and towards the 
iBouthem extremity the deep ground of the Ballanoe estate is aiso 
jdeserving of exploration. 

Cafltlemaine, Chewtou, and Fryerstowu form portion of another 
■auriferous zone, the northern continuation of which, beyond the 
^anite of the Big Hill Bange, is indicated by the gold-workinga 
)of Myera Creek. 

To the south, Trcntham, Kewbery, Bine Mountain, Barry's 
•Heef, and Blackwood all lie in the same strike, the southern 
•extension being apparently the Lerderderg workings and G-ood- 
B Creek, near Bacchus Marsh. 

Baywood, Sebastian, the Whipstick, Eaglehawk, and Saiid- 
liiirst, north of the granite of the Big Hill Eange, and south 
thereof Taradaie and Malmsbury, appear to constitute a distinct 
Iielt, broken in continuity by the granite ; the northern extension 
.of this belt may be found under the plains beyond Kaywood, and 
the southern beneath the volcanic area ai'ound Kyneton. 
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In Ijotli the Castlemtiine and Sandliiu'st belts there are great 
pi-obnhilitieB of future valuable discoveries in the shape of aurit- 
erouB quartz reof», botb near the surface and at great depths. 

This cloaea the list of the more important and well-marked belts 
of auriferous country where Lower Silurian strata form the bed- 
rock. 

Heatheote, about the line of contact of the Lower and Upper 
Silnrian rocks, and the neighbouring gold-Gelds of Redcoatle and 
Coaterfield, with those of Whroo, Graytown, and Hushworth, 
further eastward, all in Upper Silurian strata, appear to form 
several small separate belts, the relations of which have not been 
investigated. 

Eeedy Creek, Strath Creek, Diamond Creek, Warrandyte, and 
other workings are all situated on what— judging from the 
observed boaringa of strike in various localities — is a curved belt 
of rocks, the southenimoat knowji auriferous locality on which is 
near Temples t owe. 

The Ghin Ghin diggings, Yea,^Higinbatham, and, — to tbe south 
of tbe granite and trap of the Watla Valley, — Warburtou and 
Hoddle's Creek appear to indicate another curved belt, though the 
relations between the rocks of thejvarious localities are uncertain. 

Proceeding eastward, the next bolt is a very well-marked one, 
the various 'gold-workings being situated along a zone of Upper 
Silurian rocks, having a well-defined north-westerly strike. The 
principal diggings are Morton, Gobur, Growlers, Spring Creek, 
Alexandra, and the Acheron diggings, in the Goulburn di'ainage 
area, and north of the granite of the Main Divide, while to tbe 
south are the workings of Cumberland Creek, the Upper Yarra, 
Hawthorn, Pheasant and Russell's Creeks, and Tanjil. Several 
scattered gold-workings have been opened on either side of the 
main line of this belt, such as Crossover, in Gippsland, the work- 
ings up the eastern branch of the TanjQ, and on the upper portion 
of the Tyers, indicating the existence of other parallel strips of 
auriferous country. There is a very good field for future mining 
enterprise upon the course of the Merton to Tanjil belt, there 
being a considerable eitent of volcanic country on the Gippsland 
side, which is likely to^be underlaid by auriferous gravels, and 
abundant scope for the prospector in quartz reefing. Most of t]i4 
known auriferous reefs on this belt are associated with diorita 
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Lykes, wbich have an easterly and westerly direction acrogs the 
itrike of the Silunan rocks. 

The next well-defined auriferous helt is the most important in 
the Upper Silurian country, and ia newly 100 miles in length, 
On it ere situated, in the Goulburn draiunge area, the Stralhhogie 
Dgs, Maindainple, Jaiaieson, Enoch's Point, GaSuey'd and 
Raspberry Creeks, Wood's Point, and Matlock; on the fall towards 
Gippsland, BB Creek, Jericho, Aherfeldy, and Walhalla, the 
latter place being celebrated for the Long Tunnel mine, the 
prelnier quartz mine in Victoria. In nearly all the quartz work- 
ings along this belt the reefs accompany, or are iutimately asso- 
ciated with, diorite dykes having a direction coincident with the 
Strike of the Silurian rocks. 

There is a fair field for the prospector io the many untested 
portions of country iatervening between the proved gold-workings 
)a this zone. 

The relatioiL to other gold-fields of Foster and Turton'a Creek, 
n South Gippsland, cannot well be indicated on account of the 
peat extent of country occupied by Mesozoic rocks which inter- 
^^renes. It is by no means improbable that the lowest beds of the 
Mesozoic strata, immediately resting an the Silurian rocks abgut 
I line between Foster and Turton'a Creek, may consist of aurif- 
irouB conglomerates. 

Turton's Creek oSers a tempting inducement to search for the 
lource from which the exceedingly rich alluvial gold found there 
vaa derived. 
A small belt in which the quartz reefs are not associated with 
idiorita dykes is formed by the Royal Standard Reef on the fall 
towards the Goulburn, and the Donnelly's Creek Reefs in Gipps- 
land; the extensions of this belt southward from Donnelly's Creek 
and northward frana the Royal Standard have not been discovered. 
In the north-eastern part of the colony we have the great auriferous 
belt which includes — on the fall towards the Murray — the gold- 
j of Rutherglen, Cliiltern, Bamawartha, Eldorado, Yackan- 
dandah, Beechworth, Stanley, Myrtleford, Bright, the Bnckland, 
"Waniiiligoug, and the various workings along the Ovens Valley 
to Harrietvill.e. On the Gippsland side — the Dargo and Co- 
bungra. Grant, Crooked River, the Wentworth, Swamp Creek on 
the Mitchell, Boggy Creek, near Bairnsdale, and (jthar gold- 
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workingB. The Mitia Mitta anil Dark River working?, those of 
Omeo, Swift's Creek, the Tamho and Nicbolson Rivers, Zulu an 
Gibbo Creeks, and, iu the far east, Bendoc, all demonstrate tl 
existence of farther zones of gold -bearing country, the northerl] 
and southerly continuations and aUo intermediate portions 
whieh it would be deairaUe to test. 

The above general descriptiou is only intended to roughly int 
oate the main zones, each of which woiild, if examined, be fotu 
to comprise a number of minor distinct bells, and each of the 
again a number of separate lines of auriferous qtiartz reef 
evidence of the existence of the latter in the form of aurifero 
alluvial deposits. 

Along tbe tines of all the belts 
proved tracts of exposed Silurian < 
specting could be easily carried on, 
lary deposits and lava-flows, under 
chance of discovering fresh source 
may be drawn to the advisability of more careful exploration ihi 
has yet been made in search of lines of auriferous quartz reef, 
extent of proved auriferous alluvial ground is so very large, and 
has been in many places so exceedingly rich, that the number i 
quartz reefs actually worked, and the extent to which they hai 
been developed, seem ridiculously small in comparison. It 13 a 
ftn exaggerutjon to say that there are miles in length of auriferoi 
alluviums for every hundred yards of worked quarts reef. 

Making full allowance for tbe fact that tho auriferous allavj 
deposils are the results of the enormous denudation to which t] 
Silurian rocks have been subjected, and the disintegration wl 
them of an incalculable amount of auriferous quartz ; and fui 
keeping in view that tbe portions of tbe reefs so denuded w( 
probably richer than what remain ; nevertheless tho known te 
dency of gold to remain stationary or simply to drop deeper, b 
the fact of so many rich gullies and leads having been ■worked ' 
to ranges where the quartz reefs still remain practically untesU 
all tend to justify the conviction that there are nudeveloped stoi 
of wealth in our untried quartz reefs, and in the unexplored ed, 
tintiations of those that have been worked, far exceedisg ' 
amonat the yields hitherto obtained. 
- Admitting tUe principle that where there is an auriferoi 



Sv^ggeationsfofrfwrther Development of Gold Mining* 167 
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alluvial deposit there is likely to be an auriferous matrix not far 
distant, there is an unlimited field for exploration lying open for 
mining enterprise, a field in which — though, as in other undertak- 
ings, failures will be encountered^counterbalancing successes 
will certainly reward patient and judiciously conducted se^ch. 

Other Metals, 

Of metals other than gold there are few that do not occur in 
some form or other in Victoria, but although among these, silver, 
copper, antimony, tin, lead, and iron have been found in various 
localities in sufficient quantity to encourage efforts towards work- 
ing them, no great successes have been achieved. 

Antimony at Costerfield and Ring wood, copper at Walhalla 
and Bethanga, stream tin in the Beechworth and Upper Murray 
districts, and argentiferous lead ore at Buchan, have been worked 
in some instances successfully, in others have proved failures. 

No doubt in time our resources will become better developed; 
but the fact cannot be gainsayed that in all metals except gold 
Victoria is far poorer than the sister colonies; on the other hand, 
her pre-eminence in gold is likely to counterbalance the dearth of 
other metals, and to assure to her for centuries to come a leading 
position as a gold-mining country. 
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CHAPTER XV. 

Remarks on the Goals and Lignites of Victoria. 

In conaidering the question as to whether coal suffiuient Cor 
home requiremeats will over be produced froni Victorian mines, it 
may he stated at the outset that we have not any exposed repre- 
sentativea of the true Carhoniferous rocks of Great Britain and 
New .South Wales; it ia pogalble, hut doss not appear to be 
probable, that such rocka may exist concealed heneath the Meao- | 
zoic rocka, or beneath the Tertiary beds of the north-western par^ I 
of the colony; their non-exiatence in any part of the m 
tain ayalem of the country is an ascertained fact. The only rocka I 
in which exploration for coal can be carried on with any hopeofl 
success are the Mesozoic rocks of the areas already describediJ^ 
namely, the Wannon area, the Cupe Otway area, or that lyiiy 
between the road from Geelong to Warrnambool on 
and the sea-coast on the south; and the Western Fort and Soutk 
Gippsland Mesozoic area, or that lying between the Western Port 
ang Lang, and La Trobe valleys on the north, and the sea-coae 
on the south. It has already been ahown that the Wannon an^ 
Cape Otway heds may be continuous with one another beneath i 
the intervening Tertiary formations, and that the latter may ex- I 
tend for some distance under the great volcanic plains north wai 
from Colac. 

Aa far as geological age is concei'ned, there ia actually no ri 
whatever why our Mesozoic rocka ehoald not contain large i 
payable aeitms of coal; rocks of the same or even of mor 
periods do contain auuh seama in other countries. 

Sir R, Daiutree, in his work on the Geology of Que 
describes the Carbonaceous Mesozoic rocks of that country ■ 
geologically identical with those of Victoria, and as contaiain| 
good workable coal seams on the east of the Dividing Range, whet 
apparently of lacustrine origin, though the marine beds o 
of the divide appear to contain no coal. 

The ouly question with us is, whether at any periods during ti 
deposit of our Mesozoic rocks the conditions for the formation a 
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large seams over wide areas were present; tliat they were to a 
certain extent is proved by the seams which have been found, and 
recent developments have tended to strengthen the belief Ihat we 
are not ao ptror in sources of coal supply as many are inclined to 
imagine. Our main hopes are, however, centred in the Western 
Port iind South Gippsland Mesozoie area, where a traet nearly 
equal in size to Northumberland has been proved to contain coal 
Beams at various localities round the edges, and also in the central 
portions. 

As regards the Cape Otway and Wannon diatricts the indica- 
tions are not so favorable, though geologically tbeir Mesozoie 
Tocka are identical with those of Gippsland and Western Port. 

At Coleraine are small seams of an inferior description of coal, 
the largest seam being about twenty inches in thickness. A small 
seam of good coal exists near Colac, but is not largo enough to be 
profitably worked, and of aeveral diamond-drill bores put down in 
the distriet to nearly 1,000 feet, not one revealed the existence of 
another seam. 

The deep bore at Portarlington, over 1,500 feel, passed through 
:iio ooal, though carbonaceous laminse occurred in all the 'cores of 
rock bronght up, 

The same result attended the bore at Winchelsea, which was 
carried to a depth of more than 2,100 feet. 

Some small seams of good coal occur near Apollo Bny, bnt 
liave not been suE&ciently explored to admit of a dofinile opinion 
being formed as to their probable value. Altogether, the prospects 
of a workable coal-field west of Port Phillip are very slender. 

In the eastern Meaozoic area the evidences are of a far more 
encouraging description, and, as before stated, tliere is a large tract, 
beneath whicb extensive coal mines are likely at no distant date to 
be developed. 

Concerning a number of the known and earlier discovered seams 
of coal and their modea of occurrence, information will be found 
in the Geological Progress Reports; liut I propose here to recapitu- 
late the main features of that information, and can do no better 
than repeat the description given in Progress Report No. VII., 
'with additional ohaervationa as to discoveries and developments 
effected since its publication. 

Coal has been proved lo exist in various localities throitgliout 
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the area under notice. Along its southern or coast boundary, 
along the northern or inland margin, and at Beveral places in 

central portions. 

Commencing at the coaat-line, and proceeding south -easterly 
from Griffith's Point, the following are the principal known coal 

The Sandy Waterholea seam? are exposed in clifi section on 
the coast, about five miles from Griffith's Point, and are five in 
number, all within a total thickneaa of 50 feet. The two middle 
ones, 2 fifet apart, are each from 18 inches to 24 inches thick, the 
others being smaller ; they dip inland, and it is stated th&t, 
shaft now filled in, situated 100 yards back from the cliff, 
was cut which showed a thickness of 24 inches of coal. 

Deteriorated as they are by exposure on the face of the clifE, it 
is difficult to pronounce with certainty on the quality of these 
seams, but it appears Ukely to be very good if they are followed in; 
and a9 their extension inland could be tested for a few hundred 
pounds, and they are within so short a distance ot the ehippin 
place, they are certainly worthy of exploration. 

The Kilcunda seam has been worked in from the face of tb 
cliff by means of au adit, and furfber inland from a shaft 100 fe< 
deep. Several " faults," one of which is a down-throw of 4Q 
feet, dislocate this seam; but it has been foUowed from the shaf 
along its strike (about W. by N.) for more than 1,000 feet witbau 

The quality of the coal is excellent ; its thickness varies fron 
20 inches to 27 inches, or an average of barely 2i inches. Thi 
"holing" is hard, and necessitates some waste in cutting; bul 
nevertheless, men of long and varied experience maintain that 
with proper management, this scam can be worked at a profit 
Its inclination is inland, somewhat E. of N. at 10°. Some 5,00f 
tons were raised and sent to Melbourne by the first compan] 
which worked the mine; but proper arrangements for mining ant 
carriage were not perfected, and the undertaking collapsed. J 
second company, formed under what appeared to be better auspices 
constructed a railway from the mine to the shipping place, ant 
sent a considerable quantity of coal to market, but gaTB up 
owing to the discouraging results of several diamond-drill bore 
put down, at very ill-selected sites, to ascertain the extent am 
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trend of tbe soam prior to sinking a new main shaft, which was 
found to be essential to the further development of the mine. 
The ground is, therefore, at present lying unworkod. 

Of. several diamond-drill bores put down in the neighbourhood, 
one to the north of the mine proved a 20 to 24 inch seam at liio 
feet, beBides a number of small ones down to 873 feet. From 
another bore, on Bridge Crock, tliroe miles east of the mine, a 
, core showing 32 inches of coal was obtained ut 190 feet, besides 
other smaller ones above and below that depth, 

Seven miles east from Kilcunda, a bore put down near the 
PoivletC River passed through two seams, one at 349 feet and 
another at 687 feet, each about 30 inches in thickness, and con- 
aisting of good coal. 

The diamond-drill bores near Kilcunda, at the Bridge Creek, and 
at the Powlett River, have satisfactorily established as a fact that 
the coal seams are not mere patches. 

The value of the information obtained by means of the last- 
mentioned bore, as to the cx.iaten[^e of two workable seams of good 
coal, at easily aecossible depths, and in nearly horizontal strata, 
may in itself ho regarded as an equivalent for all the expenditure 
on diamond-drills since their introduction into the colony. The 
statement made in a former report — that we had, at the time that 
report was written, no guarantee as to the continuance of any 
known coal seam beneath a single square mile — may noiv be with- 
drawn. We have evidence of their continuance beneath many 
aqnare miles, and of the probable existence of many millions. of 
tons -within a short distance of the surface, and within convenient 
distanco of a shipping place. 

From the mouth of the Powlett River, 3 miles east from Kil- 
cunda, for a further distance of some 4 miles, nothing is to be seen 
of the rocks along the coast; but thence for 12 miles, by Coal 
Creek and Cape Patterson to within a short distance of Anderson's 
Inlet, they are visible the whole way, and afford excellent oppor- 
tunities for observation. 

At about the first exposure of rocks on the coast, travelhng from 
the Powlett towards Coal Creek, there are three small seams, and 
further on a seam of about iO inches of good coal with several 
feet of black "clod" beneath it; these are only visible at times 
■when the tide is low and the sand temporarily removed. About 
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this lot^ality it ie stated tliat a aeam of 20 inches was proved 
intaDil among the hummockB, but baa aiuce been obBCored bj blown 
sand. 

A mile westerly from Coal Creek ia a coal Beam of from 20 to 
24 inches between two smaller ones of 4 inches each, all dipping' 
H.W. at 40''. This dip is exceptionally high and abnormal 
direction, the rocks on both Kides, for some distance, dipping from 
S.S.W. to S.S.E. at from 4" to 14°. In this locality, however, 
much disturbance, variation of dip, and false bedding, are visible 
in the strala. 

Two or three other small seams occur between here and Coal 
Creek, west of the month of which are the two main aeams, 
"Rock" and the "Queen" veins. Where exposed on the coast, 
these seams dip W.S.W. at about 30°, but in a shaft (known aa 
Bury'a or Davis's shaft) sunk through them a few chains inlandj 
the inclination is only 1S°. 

The section in the shaft is as follows: — Measures (sandstonesi 
shales, &c.), 57 feet. Upper coal seam — total thickness, roof to 
floor, 30 to 36 inches, with irregular partings, reducing the avail- 
able thickness of coal to about 24. inchea. 

Measures with a small 4-inch seam, 11 feet. Lower coal seam 
— total thickness, 42 inches, divided by impure bands into three 
portions of 2^ to 3, 2^ to 3^, and 22 lo 24 inches respectively. 
These measurements represent the general average, as do two sets 
of measurements taken, whether in different parts of the shafit, 
on the coast outcrops, tally exactly, owing to variations in the 
thickness of the coal and partings. 

On the whole, I would estimate an available thickness of 24 
inches of coa! to be the average for each seam as now visible. 

Eastward of Coal Creek, between it and Cape Patterson, the 
hasset-edges of some thirteen distinct seams are visible in tht 
rocks; all have a S. to S.S.VT. dip at about IS"; the largest oj 
these only ia of workable size, aad is from 20 to 24 inches thick; 
it was worked a short distance inland by the late Victoria Coal 
Company, about 20 years ago, and yielded 1,900 tons of coal be- 
fore beiug abandoned oa account of the difficulties of shipment. 

At Cape Patterson, Mr. N, Levi has sunk a shaft, and cut the 
coal seam worked many years ago by the Victoria Coal Company 
— on the inland aide of a disturbing fault — aud though the avail- 
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able thickaeas of workable coal, bo far as exposed, is rather small, 
the quality is most excellent. The total thickness of the seam ia 
about 2ft. 6in., mcluding impurities, but these maj' be expected to 
disappear as the seam is traced inland, in which direction it has 
been proved to extend, and to increase in size, by a number of 
diamond-drill bores that have been put down. The last bore 
passed through a Meain of 43 inches, of which two feet was good, 
an.d tlie rest eomewbat impure. 

About Coal Creek and Cape PattersoQ there are several large 
and small basalt dykes, which intersect the rocks, and will 
assuredly be found to locally affect and probably "fault" the coal 

The prevailing north-easterly dip of the ascending series of 
rocks, visible from Cape Patterson towards Anderson's Inlet, the 
more regular and even character of the layers, and the absence of 
dykes in that direction, are favorable indications that the large 
Cape Patterson seams passing beneath them will be found to 
underlie a groat area, and to continue tolerably persistent and 
unbroken northward aiid north-eastward from Cape Patterson. 

Ab pointed out long ago by Mr. A. R, C. Selwyn, the " Rock " 
and "Queen" veins at Coal Creek are likely, from their south- 
westerly or seaward direction of dip in that locality, to outcrop 
inland, assuming such direction of dip to be maintained; but, from 
observations of the dips of the rooks generally along the coast, it 
appears that the undulations of the beds are such that not only do 
they inoUne north-eastward from Cape Patterson, but also change 
their dip northerly from Coal Creek, and incline inland, as though 
to pass under the lower part of the Powlett Valley. 

Indeed, the idea that the Sandy Waterholee seams are the 
western ontcrops of the Cape Patterson seams, and that they 
underlie the Kilcunda seam, is not so far-fetched as may at first 
sight appear; but,, nevertheless, the variable character and dip of 
the rock-layers, and the absence of any markedly distinctive rock- 
bands, forbid the adoption of any special theory. 

In the ascending series of beds visible from Cape Patterson to 
Anderson's Inlet, there oocnr a few small coal seams, but, save one 
of from 10 to 20- inches, none that appear likely to become of 
importance. 

At Foster, in the bed of Stockyard Creek, and close to the 
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ijoiiridary of tbe Silurian rocks, is a coal seam wbich po^sibl^maj 
be wortliy of more attention than lias yet been bestowed upon it; 
The coal itself is of fair quality, and ae far aa followed it dipt 
north -westerly iu ii succession of descending shelves, the thick* 
neas of which increaaea downwards from 10 to 20 inches. Fnrth« 
insight into tbe character of this seam could be obtained at to; 
small expenditure. 

Between Foster and Port Albert tbe meaaures were proved in_ 
bores to a considerable depth, and, it is alat«d, small seama < 
coal were discovered more than twenty years ago. 

Along the northern portion of the carbonaoeeus area there ai 
on the Bass River and in the ndjucent ranges several outcrops cd' 
coal-seams up to 20 inches in thii^kness, some of which have nob 
yet received much atteutiou. In the head of the Bear Creek, i 
main hranch of the Moe, is a seam (described in Progress Report 
No. III. as O'Mahoney's seam) of excellent coal, though only 
to 11 inches thick; this seam dips eouth-eastcrly at 32° (bS 
abnormally high angle, not likely to be maintained far), and, aa it 
shows signs of increase' on ita dip, is worthy of further trial. 

In the extreme north of the carbonaceons area on Kintonl's 
Creek, eight miles nortji of Traralgon, is a seam of bitaroinoiq 
ehale 10 inches thick, which yields a good iUuminaticg oil, and 
bnms well, but leaves a strong residue of undiminished bulk. Thiv 
exposure is only the edge of the layer, as the Silurian rocks aj 
a short distance up the creek; it dips south-easterly, and le 
likely to increase in thickness in that direction. 

The Hazelwood seam ontcropa on a branch of Billy's Craek 
eight miles S.S.E. from Morwell. 

In the width of a heading driven along it for a distance of 18 
feet, the coal increases from 20 to 28 inches, with indicationB o^ 
atill further increase on its dip, which is to the S.E. at 27° (a high' 
rate of inclination, not likely to continue far).* The coal, as ta^ 
as proved, is soft, but burns well, caking and blistering atror 
and appears Ukely to yield a very good coke. 

The Moe coal-seam is one of the most promising in Victoria 
there are two exposures, about two and a half miles apart, aD<( 
though not a matter of absolute certainty, these appear to 1m 
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different outcrops of tlie same aeani. The westeni outcrop 19 at 
the head of Moequito Creek, four milea S.W. from Moe, on the 
fall towards the Moe Swamp, Near ibe surface exposure odIj 
about 16 inches out of atota! thickness of 24 to 28 inches is good 
coal, hut as followed heneath its proper roof, it improves, and 
shows ahout 24 inches of good coal; this seam rests on a clay 
floor. The eastern exposure, in Messrs. Stephenson's aelectione, 
la in the head of a gully runnijig into the nortbero tributary of the 
Narracan; here the coal has been followed from its outcrop beneath 
its proper roof, and shows in the tunnel-face a thickness of from . 
SO to 3^ inches of first-class coal, with only one thin insignificant 
■clay parting; it rests on a clay shale floor, and is covered by a 
thick sandetono roof. Tbe dip is sontheriy at about 10°, a direc- 
tion and rate of inclination which carries the seam under the 
Narracan Valley, where other exposures of coal, as now being 
tested, are visible. One of these outcrops is in the bed of the 
■creek in the Narracan Valley Company's grouud, and, us far as 
traced, shows a thickiiesa of about 20 Inches of good coal, with 
indications of increase as followed io. This seam I consider to be 
the Moe seam, and it rises to the southward on the south side of 
the valley showing a synclinal " roll " in the measures. The seam, 
30 inches thick, which was struck at 117 feet in a diamond -drill 
bore in tbe Narracan Valley, appears to underlie the Moe seam. 

On the Moe seam, in Mr. Stephenson's selection, very satisfac- 
tory exploration has been effected hy the Moe Coal Mining 
Company. From tbe outcrop, in a southerly direciion for a 
distance of half a mile, bores were put down at abort intervals, 
and, in each case, proved the continuance of the seam, and the 
maintenance of its workable thickueHS and quality. A shaft was 
8unk near the Boutbernmost bore, and struck tbe aeara, which 
averaged 27 inches of good coaL An adit was then driven, and 
met tbe coal -scam on its sontheriy dip, the abaft being utilized for 
ventilation. A level baa since been extended for acveral hundred 
feet along the coal, which variea from 20 inches to SO inches in 
thickness, and is, so far, only slightly displaced by a few trifling 
faults, which will facilitate, rather than render difficult, the 
■working of the seam. There will be at least half a mile up the 
incline of tbe seam, and probably two miles aloug its strike, to be 
■worked from the adit without expenditure for winding or pumping 
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machinery. Taking an average of 2 feet of coal, this gives orer 
2,000,000 tons available from the adit, and deliverable within a 
few Lundred yards at tli'e Narracan Valley Railway, wbenever 
that line be cotiBtructe^, uud there ia no reason to doubt that, 
small as is the thickness of the eeaiu, compared with those of 
other coal-flelds, the ease with which it can be mined and takeu 
direct to the railway-trucks will enable the company, when la 
full work, to realize a fair profit over and above working expeiiae% ■ 
royalty, and interest on outlay. 

The Narracan Valley Company will be able to mine by n 

of shafts the southern extension of the Moo seam; and tbey bavA 

also several outcrops is their ground of other coal Beams of good 

qnality likely to attain workable dimeosiona when traced h 

■ tbeir expoaurea. 

In the central portion of the area, on or adjacent to a line fron 
Moe to Cape Palterson, are several eoal outeiops, the i 
important of which is the Strzlecki seam, about 14 miles norti 
from Anderson's Inlet. 

There are two outcrops less than two miles apart, but whetb 
of the same or of diSereat seams is nncertain. The norths^ 
espoaiire is on a western tribntary of the Tarwin, near the divi 
between that river and the Powlett. 

In a cutliog, there is exposed, in a height of 7 feet, anaggi 
thickness of 3 feet of good coal, in throe separate seama of ] 
inches, 8 inches, and 24 ioehes respectively, the lower IS mobs 
of the latter, or uudermoat seam, being very good indeed. 

The soutberu outcrop ia in a gully trending to the Powlatt, s 
here a short tunnel haa revealed the existence of a seam (dislocata 
to the extent of 3 feet in one place by a " fault ") contunii^ :| 
the face of the tunnel an nnbroken thickness of from 80 to i 
inchea of excellent coking coal. 

Whether the aame, or different seams, there la good r 
believe that the coal exposed in these two outcrops underliea 
groat area, and the discoveries made by means of so anutll i 
amount of labour amply justify further research. 

In tbe heads of the Tarvrin, between the Strzlecki a 
Moe, are several other outcropa, some of which show aa much ^ 
16 inches of good coal ; but none of these, so far as I « 
have been in any way tested as to tbeir extent. 



SeTwvrka on the Coala and Lignites of Victoria. 1 77 

The moat important seam yet found in Victoria is tlie Mirboo 
seam, the outcrop of which is in Berry's Creok, about two miles 
from the Mirboo Railway Station, on llie property of Mr. William 
Scarlett. A shaft sunk a short distance from the outcrop passed 
through the seam at between 40 and 50 teet, and revealed a thick- 
ness averaging 56 inches of solid coal. The seam dips at the high 
angle of 32° in the shaft, but as the rocks exposed at surface 
up the creek, ia the direction of the dip, show a much flatter 
inclination, it is certain that the seam will conform thereto. 

Considering its size, quahty, and proximity to the railway line, 
there appears no room for doubt as to the remuneratively workable 
character of this coal-seam if properly wrought. 

The Boolara seam has recently been found in the bank of a 
branch of the Morwell, about a mile and a half from the Boolara 
Railway Station, and close to the Mirboo line of railway. This 
Beam is 3 feet thick, and though the upper portion is somewhat 
impure near the outcrop, it is of workable size. It is nearly hori- 
zoDtal, and can bo easily worked by moans of an adit. It is quite 
possible that this seam may be identical with the Mirboo seam, 
though the distance between the two outcrops, and the paucity of 
any data as to the dips and undulations of the rocks in the inter- 
vening tract, forbids more than the mere conjecture. 

The outcrops of the above -described coal-seams occur dis- 
tributed throughout an area which is, as before slated, nearly 
equal to that of Northumberland, and is wholly occupied by rocks, 
whoso geological position, though more recent than ihaC of the 
true carboniferous rocks of England end New South Wales, is 
well within the range of coal-bearing rocks generally. As com- 
pared with those of the great coal-fields of the world, the eoal- 
eeams are small, with the exception of the Mirboo seam, the thick- 
ness of which is regarded as about the most convenient known for 
economical working. 

The measures generally are much faulted, and are subject to 
many variations of direction and rate of dip. Nevertheless, the 
explorations already made show tliat the known seams are not 
mere patches, but extend over areas amounting in some cases to 
several square miles, with every indication of elill wider exten- 
sion. Some of these coal-seams are of a thickness which, in 
other coal -producing countries, even in Great Britain, is deemed 
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a workable size, provided the quality be good and the working 
conditions favorable. The tbickHOBB here aBBumed as the work- 
ftbie minimum under moat favorable cireumatanceH is IG incfaea ol 
marketalile coal in one seam ; n Ettmdard far below the nvailttble 
thickness of coal contained in most of our seams. 

Of 0111' known coal-seams, the quality, almoat without exception, 
has been proved by analyeiB and experiment to be excellent; iti& 
more splintery and sn0era more loss in carriage than the NeVi 
South Wales coalj but is, as a rule, superior to the latter foi 
steam, forge, and household purposes. 

There are evidences to show the likelihood that our known seaiMt, 
even if they be but patches, are nevertheless patches of extent 
considerable enough to admit of their being profitably wroughtj 
and, in addition, there is no reason for supposing that the knona, 
outcrops, due as they are to removal, by denudation, of overlying) 
strata, have aO been laid bare at the ber^t part of the seams thej 
belong to. Lastly, there are, in the Victorian carbonaceous seriea, 
layers whicli do nut appear at all, or whose oxtreme edges onlj 
are to be seen at the surface. 

Among these, there exists the possibility, as pointed out Ion) 
ago by Mr. A, R. C. Sclwyn, of finding coal-seams larger ani 
more valuable than any of those known. 

On the Kilcunda seam, which only averages baldly 34 inchei^ 
anil where there is waste and difRenlty in " holing," owing to I] 
hardness of the floor, good miners could, when the mine waa being 
worked, make fair wages at 7s. per ton for screened coal, finditu 
their own powder, fuse, and candles, doing tbeir own filling t 
timbering, and making their own roads from the main heailing. 

The coal of the Moe seiim having a greater tliicknesa, and | 
better " holing," can bo mined at a cheaper rate, whila th&tc 
the Mirboo seum, with its specially convenient thickness, shonld fa 
excavated for still less. 

The general conclusion that I have arrived at is that, thoogb 
Victoria may never compete with New South Wales as regardA 
export trade, she nevertheless possesses within her own territory 
resources of coal-supply sufficient for the greater proportion < 
her own wants. These resources will be more and more developed 
with the extension of railways into South Gippaland. 

The main cause (or doubt as to the coal from the small-size^ 
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Victorian seania being mined at a profit conBists in the fact, tbat 
all coal produced in Victoria must be conveyed a greater or less 
distance by railway, and it is possible that the cheaply-mined coal 
from the large seams of New Sonth Wales, qonvejed by water 
carriage from the mines to Melbourne, can be placed on the market 
price which would not pay the Victorian coal miner. Against 
thiB may be set the higher vahie of the Victorian coal for steam 

,d household purposes, and the power that could be exercised by 
the Stale — without resorting to extreme protective measures — nf 
fostering the industry by conveying the product at a nominal rate 
&om the mines to Melbourne, along euch railway lines as now 
exist or may hereafter be coustructed. This would probably be 
found to work better than either imposing a duty on imported coal 
or giving a direct bonus for that produced in Victoria. 
Lignites. 
me of our lignite deposits may eventually prove of value. 
The Lat Lai lignite does not eeom to have found favour as a fuel, 
but ia now being utilized in the manufacture of an excellent 
deodorant. The McKirley's Creek lignite in Gippsland is said 
to yield per ton 6,000 to 8,000 feet of a gas which gives a light 
equal in power to that of coal gas. There is likely to be found 
extensive deposit of this lignite beneath the volcanic country of 
Keerim and Buln Buln. 

Very extensive lignite deposits occur along the La Trobe, in the 
Tarwin Valley, and along the foot of the ranges east of the Tarra 
Eiyer in South Gippsland. These may at some future date prove 
vaJuable, either as fuel or sources of gas supply. 

At Toongabbie is a bed of lignite, together with a layer re. 
flembling a bituminous clay, which latler, on analysis, yields a 
very high percentage of illuminating oil. It ia, in fact, a sort of 
kerosene shale, though of far more recent geological age tian that 
of New South Wales, being Upper Tertiary, whereas the latter is 
Upper Palasozoic in geological position. 
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